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The study of spatial symmetries was accomplished during the last century, and had greatly im-
proved our understanding of the properties of solids. Nowadays, the symmetry data of any crystal
can be readily extracted from standard first-principles calculation. On the other hand, the topo-
logical data (topological invariants), the defining quantities of nontrivial topological states, are in
general considerably difficult to obtain, and this difficulty has critically slowed down the search for
topological materials. Here, we provide explicit and exhaustive mappings from symmetry data to
topological data for arbitrary gapped band structure in the presence of time-reversal symmetry and
any one of the 230 space groups. The mappings are completed using the theoretical tools of layer
construction and symmetry-based indicators. With these results, finding topological invariants in
any given gapped band structure reduces to a simple search in the mapping tables provided.
I. INTRODUCTION
Distinct phases do not always differ from each other
in their symmetries as expected in the Ginzburg-Landau
paradigm. Two gapped phases having the same sym-
metry may be distinguished by a set of global quantum
numbers called topological invariants [1–8]. These in-
variants are quantized numbers, whose types (integer,
Boolean and others) only depend on the symmetry group
and the dimension of the system [9, 10]. The invari-
ants fully characterize topological properties that are un-
changed under arbitrary adiabatic tuning of the Hamil-
tonian that preserves the relevant symmetry group. Ma-
terials having nonzero topological invariants are loosely
called topological materials (whereas the technical term
is symmetry protected topological states [11–13]), a new
kind of quantum matter that hosts intriguing physical ob-
servables such as quantum anomaly on their boundaries
[14–16], and are considered candidate materials for new
quantum devices [17–21]. Success in finding these ma-
terials largely depends on the numerical evaluation (pre-
diction) of the topological invariants in a given candidate
material. However, even for electronic materials having
weak electron correlation, where the topological invari-
ants are best understood and expressed in terms of the
wave functions of the valence bands, these calculations
still prove quite challenging. In fact, numerically find-
ing a new topological material has proved so hard that a
single success [17, 22–25] would have triggered enormous
interest [26–32].
On the other hand, mathematicians and physicists
have since long developed, via the representation theory
of space groups, a complete toolkit for the study of the
symmetry properties of bands in solids [33, 34]. Given
any point in momentum space, each energy level corre-
sponds to an irreducible representation (irreps) of the
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little group at that momentum, depending on the Blo¨ch
wave functions at the level. Modern implementations of
the density functional theory output both the energy lev-
els and their Blo¨ch wave functions for any given crystal
momenta, such that finding the irreps of all valence bands
in a band structure is now considered a solved problem
that can be automated.
It has been eagerly hoped that quantitative relations
exist between the topological invariants and the irreps in
the valence bands at high-symmetry points in the Bril-
louin zone, i.e., the symmetry data of valence bands.
These relations, if exist, would reduce the difficult task
of finding the former to a routine calculation of the lat-
ter. But the examples are rare [35–38]. Fu-Kane formula
[35] for topological insulators protected by time-reversal
symmetry (TI for short from now) is an exemplary one,
mapping the four topological Z2-invariants to inversion
eigenvalues at eight high-symmetry points. This simple
golden rule considerably expedited the search for TI in
all centrosymmetric materials via first principles numer-
ics [22]. Nevertheless, for general topological states in
three dimensions protected by any one of the 230 space
groups with and without time-reversal, or topological
crystalline insulators [39] (TCI), explicit formulae relat-
ing their topological invariants to symmetry data have so
far been missing.
Recently, a solid step along this direction is made in
Ref. [40–43], where the authors systematically study the
connectivity of bands in a general gapped band structure,
and identify the constraints on the symmetry data in the
form of linear equations called the compatibility equa-
tions. Ref. [41] explicitly provides these relations for each
space group, and observes that if a symmetry data sat-
isfying all compatibility relations cannot decompose into
elementary band representations (sets of symmetry data
of atomic insulators, given in the same paper), the ma-
terial must be topologically nontrivial. Ref. [40] shows
that the symmetry data of any gapped band structure
can be compressed into a set of up to four Zn=2,3,4,6,8,12
numbers called symmetry-based indicators (SI). (See Sec-
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2tion IV for a brief review of SI.) The set of SI is a loss-
less compression of symmetry data as far as topological
invariants are concerned: all topological invariants that
may be extracted from symmetry data can be inferred
from the corresponding SI. The theory presented in Ref.
[40] does not, however, relate SI to the topological in-
variants, the defining quantities of topological states: a
band structure having nonzero SI is necessarily topolog-
ical, but the type of the topology in terms of invariants
is unknown. The explicit expressions of the SI in terms
of symmetry data are also missing in Ref. [40].
This paper aims to complete the mapping between
symmetry data and topological invariants in systems
with time-reversal symmetry and significant spin-orbital-
coupling (the symplectic Wigner-Dyson class or class AII
in the Altland-Zirnbauer system [44]). To achieve this,
we first derive the explicit expression of each SI in all
space groups (Tables I to III), and then given any nonzero
set of SI in every space group, we enumerate all possible
combinations of topological invariants that are compat-
ible with the SI (Tables IV to VIII). These invariants
include: three weak topological invariants δw,i=1,2,3 [8],
mirror Chern number Cm [23, 45], glide plane (hourglass)
invariant δh [24], rotation invariant δr [21, 46, 47], the
inversion invariant δi [21, 36, 37], a new Z2 topological
invariant protected by screw rotations δs, and finally a
new Z2 topological invariant protected by S4-symmetry
δS4 . The last two invariants are theoretically established
in Appendix A. In the main results, the strong time-
reversal invariant δt [8] is assumed to vanish, so that the
results are restricted to TCI only, or states that can be
adiabatically brought to atomic insulators in the absence
of crystalline symmetries; the δt = 1 cases are briefly dis-
cussed in the end of the Results section. The exhaustive
enumeration maps 478 sets of SI to 3133 linearly indepen-
dent combinations of topological invariants, as tabulated
in Table VII. A guide for reading this table is offered in
Appendix G.
II. RESULTS
An example showing the usage of our results. Before
entering into the derivation of the results, we use tin tel-
luride (SnTe) crystal having space group Fm3¯m (#225)
to illustrate how the results should be used in Figure 1.
One should first compute the symmetry data of the ma-
terial, finding the numbers of appearances for each ir-
rep in the valence bands at the high-symmetry momenta,
namely, Γ, X, L and W. This can be done in any modern
implementation of first principles numerics, and here we
use Vienna ab-initio simulation package (VASP [48, 49]).
From the symmetry data obtained in the top of Figure 1,
we apply the formulae given in Tables I and II to find the
SI, which in this case is a single Z8 number, and we find
z8 = 4. After this, we can use Table VII and find that
z8 = 4 corresponds to two and only two possible sets of
topological invariants shown on the bottom of Figure 1:
z8=4
Cm(001)=4 mod 8
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FIG. 1. A demonstration of the diagnosis for tin telluride of
space group Fm3¯m (#225) using our results. The table on
the top shows the symmetry data obtained in the first prin-
ciples calculation (details given in text), where the numbers
of appearance of each irrep in the valence bands are listed for
each high-symmetry point in the face-centered-cubic Brillouin
zone. From the data one finds the SI z8 = 4 using Tables I
and II, and then by searching for this indicator in Table VII,
two possible sets of topological invariants are found, listed at
the bottom left and bottom right, respectively. The yellow
planes in the Brillouin zone are where the mirror Chern num-
bers Cm(001) and Cm(110) are defined. Indices in the parenthe-
ses in subscript represent the directions of the corresponding
symmetry elements. The real material has been shown in Ref.
[23] to have the topological invariants listed on the bottom
right.
it either has nonzero mirror Chern number Cm(001) = 4
(mod 8) for the kz = 0-plane (and symmetry partners),
or has mirror Chern number Cm(110) = 2 (mod 8) for
the kx + ky = 0-plane (and symmetry partners). It is
impossible, however, to distinguish these two cases using
symmetry data, but advanced tools such as Wilson loops
must be invoked. Further analysis shows that the latter
state appears in the real material [23].
Layer construction as an general approach. A remark-
able feature of all known TCIs is that any TCI can be
adiabatically (without gap closing) and symmetrically
tuned into a simple product state of decoupled, identical
layers in real space, each of which decorated with some
2D topological state[21, 50–54]. This form of fixed-point
3wave function for a TCI is called its layer construction
(LC). An analogy to atomic insulators can be drawn to
help understand the physical nature of LC in the fol-
lowing aspects: While an atomic insulator is built from
decoupled point-like atoms, the building blocks of an LC
are decoupled layers. Each atom in an atomic insulator
is decorated with electrons occupying certain atomic or-
bitals, while each layer is decorated with electrons form-
ing a 2D topological state. The atomic orbitals of an
atom in lattice correspond to the irreducible representa-
tions of the little group at that atomic position, while the
possible topological states on a layer also depends on the
little group leaving the layer invariant. In an LC, there
are only two possible decorations: if the layer coincides
with some mirror plane of the space group, the state for
decoration is a 2D mirror TCI with mirror Chern number
Cm and if not coincide, a 2D TI. We define elementary
layer construction (eLC) as an LC generated by a single
layer in real space
(mnl; d) ≡ {r|(mb1+nb2+lb3)·r = 2pid mod 2pi} (1)
Here (mnl) are the Miller indices, and bi’s the recip-
rocal lattice vectors; generation here means we take all
elements g ∈ G to obtain the set of layers E(mnl; d) ≡
{g(mnl; d)|g ∈ G} by acting g on (mnl; d). Every LC is
a superposition of a finite number of eLCs, and thanks to
the additive nature of all known topological invariants,
the topological invariants of any LC is the sum of the
invariants of all constituent eLCs.
For any space group, we exhaustively find all eLCs us-
ing the method detailed in Appendix C. While the calcu-
lation of topological invariants is difficult for an arbitrary
band structure, it is easy for an eLC, thanks to its sim-
ple structure. In fact, the invariants only depend on how
many times each symmetry element is occupied. (See Ap-
pendix A, wherein the occupation for glide plane or screw
axis is subtle.) A symmetry element is a manifold in real
space, where each point is invariant under some symme-
try operation. It could be a discrete point such as an in-
version center or a center of S4 : (x, y, z) → (−y, x,−z),
a line such as a rotation axis, or a plane such as a mirror
plane. In this way, topological invariants for each eLC
are calculated and tabulated in Tables V and VI. On the
other hand, the SI of an eLC are also easily calculated,
detailed in Appendix E again due to the decoupled na-
ture of the layers. Matching the SI with invariants for
each eLC, we hence find the full mapping between SI
and topological invariants for TCI.
From indicators to invariants. Here we take space
group P 1¯ as an example to show the mapping between
indicators and invariants and leave the general discussion
in the Appendices A and E. The space group P 1¯ has non-
orthogonal lattice vectors ai=1,2,3 and inversion symme-
try. Within a unit cell, there are eight inversion centers at
(x1, x2, x3)/2 in the basis of lattice vectors (the red solid
circles in Figure 2), where xi = 0, 1. These inversion cen-
ters are denoted by Vx1x2x3 ≡ (x1, x2, x3)/2 mod 1. A
generic layer (mnl; d) is given by L = {r|(mb1 + nb2 +
a bx3
x1
x3
x1
x2 x2
FIG. 2. Layer constructions for space group P 1¯ (#2). a The
yellow planes are (010; 0) and (010; 1
2
) respectively, and the
two green planes are (010; d) and (010; 1 − d) with d 6= 0, 1
2
.
The arrows mean that the two green planes can move toward
each other without breaking inversion. b After doubling the
unit cell along x2-direction, the open dots are no longer inver-
sion centers as they were, while the solid dots remain. Again
the arrows mean that two green planes can move toward each
other without breaking the inversion symmetry, after unit cell
doubling.
lb3) · r = 2pid mod 2pi}, where d ∈ [0, 1), and at least
one of m,n, l is odd (or they would have a common fac-
tor). If d 6= 0, 12 , we have d 6= −d mod 1, then under
inversion a generated plane L′ = (mnl; 1 − d) 6= L is a
different plane symmetric to L about the origin. In that
case, the two planes L and L′ can adiabatically move to-
wards each other without breaking any symmetry until
they coincide, a process illustrated in Figure 2a. The
state decorated on L and L′ are 2D TIs, and due to
the Z2-nature, when L and L′ coincide, the resultant
double-layer becomes topologically trivial. The eLC gen-
erated by (mnl; d 6= 0, 12 ) is hence a trivial insulator.
For d = 0, 12 , L is invariant under inversion, and always
passes four of the eight inversion centers, that is, Vi’s
that satisfy the equation mx1 + nx2 + lx3 = 2d mod 2.
For examples, if (mnl; d) = (010; 0), then V000,001,100,101
are on L (the left yellow plane in Figure 2a). Since each
layer is decorated with 2D TI, eLC(mnl; d) (d = 0, 12 ) is
the familiar weak TI having weak invariants
δw,1 = m mod 2 δw,2 = n mod 2 δw,3 = l mod 2 (2)
Now we turn to the inversion invariant δi, which is a
strong invariant robust against all inversion preserving
perturbations. Let us consider a perturbation that dou-
bles the periodicity in the (mnl)-direction, while preserv-
ing the inversion center at origin. After the doubling, four
of the eight inversion centers satisfying mx1+nx2+lx3 =
1 mod 2 are no longer inversion centers, so that the plane
(mnl, 12 ) after the doubling no longer passes through any
inversion center, and the generated eLC by (mnl, 12 ) can
be trivialized after the doubling by pairwise annihilat-
ing with its inversion partner. Therefore, eLC(mnl, 12 )
can be trivialized while keeping the inversion symmetry
about the origin, thus having δi = 0. In Figure 2b, we
take (mnl) = (010) as example and doubled the unit cell.
We see that the four inversion centers marked by empty
circles are not inversion centers in the new cell, and the
blue plane at (010; 12 ) in the original cell becomes (010;
1
4 )
4in the new cell. The two blue planes can move and meet
each other at the yellow plane, denoted by (010; 12 ) in the
new cell. The eLC generated by (mnl; 0)-plane, however,
passes all eight inversion centers in the enlarged unit cell
and cannot be trivialized without breaking inversion (yel-
low planes in Figure 2b), so that the inversion invariant
δi = 1.
After finding the invariants for all possible eLCs, we
turn to the SI for each eLC. The SI group of P1¯ takes
the form Z2 × Z2 × Z2 × Z4, wherein the first three
are the weak TI indicators z2w,i=1,2,3 and the last one
is the z4 indicator. The calculation method is briefly
described in Appendix E, and here we only give the
results. For eLC(mnl; 0) and eLC(mnl; 12 ), their val-
ues are found to be (m mod 2, n mod 2, l mod 2, 2)
and (m mod 2, n mod 2, l mod 2, 0), respectively. For
this space group, the mapping from SI set to topologi-
cal invariants is therefore one-to-one: z2w,i = δw,i and
z4 = 2δi.
Convention dependence of topological invariants. A
subtle but important remark is due at this point. There
are always eight inversion centers in a unit cell in the
presence of inversion symmetry, and when translation
symmetry is broken, only one, two, or four of them re-
main. In the definition of inversion invariant δi, one of
the eight is chosen as the inversion center that remains
upon translation breaking. In the above example, when
the unit cell is doubled, the origin was chosen as the cen-
ter that remains, but if we chose V010 = (
1
2 , 0, 0), which
is a completely valid choice, the four open circles in Fig-
ure 2b are still inversion centers but the solid circles are
not after the doubling. In that case, we would find that
eLC(mnl, 12 ) has δi = 1 but eLC(mnl, 0) has δi = 0. The
inversion invariant δi hence depends on the convention
which one of the eight inversion centers in the unit cell
is chosen in the definition of δi. However, when we su-
perimpose the two eLCs into an LC that passes all eight
inversion centers in a unit cell, the value of δi is inde-
pendent of the choice of the inversion center, since all
eight are occupied in this LC. We emphasize that only
if this is the case, can we hope to observe the physical
properties, such as the characteristic boundary states as-
sociated with the bulk invariant δi [21], because physical
observables should not depend on the conventions.
Moreover, similarly, as detailed in Appendix B, the
rotation (screw) invariant δr = 1 (δs = 1) is convention-
independent if and only if each rotation (screw) axis in
unit cell is occupied by the LC for n/2 mod n times,
where n = 2, 4, 6 is the order of the rotation (screw) axis.
For the S4 invariant δS4 = 1 or the hourglass invariant
δh = 1 to be convention-independent, the LC should oc-
cupy each S4 center or glide plane for an odd number
of times. Invariants that are convention-independent are
marked blue in Tables VII and VIII.
The one-to-many nature of the mapping. In the exam-
ple of space group P 1¯, the mappings between indicators
and topological invariants are one-to-one. However, this
is in fact the only space group where mappings are bijec-
a
ed
k2πГ
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FIG. 3. Two layer constructions for space group P2/m, shar-
ing the same set of SI of (0002). a All symmetry elements
of the space group in one unit cell, including eight inversion
centers (red solid circles), four rotation axes (red solid lines),
and two mirror planes (shaded planes). b, c LC1 and LC2
defined in the text, respectively. They have distinct topo-
logical invariants but identical indicators. d 3D Blo¨ch wave
functions in LC2 as superpositions of 2D Blo¨ch wave func-
tions with coefficients eik2x2 . Here we use red and blue loops
to represent the 2D wave functions having mirror eigenvalues
i and −i respectively, wherein i wave functions have Chern
number 1 and −i wave functions have Chern number -1. For
A-eLC the 3D Blo¨ch wave functions at k2 = 0 and k2 = pi
have the same mirror eigenvalues, leading to identical mirror
Chern numbers at k2 = 0 and k2 = pi. While for B-eLC the
Blo¨ch wave functions at k2 = 0 and k2 = pi have opposite mir-
ror eigenvalues, leading to opposite mirror Chern numbers at
k2 = 0 and k2 = pi. e The two mirror-invariant planes (grey
planes) in Brillouin zone.
tive. By definition, different sets of indicators must cor-
respond to different sets of invariants, but multiple sets
of invariants may correspond to the same set of indica-
tors, that is, the mapping from indicators to invariants
is one-to-many.
To understand the one-to-many nature of the mapping
more concretely, we look at the specific group P2/m,
containing two mirror planes, four C2-axes and eight in-
version centers in each unit cell, all marked in Figure 3a.
Now we consider two different LCs illustrated in Fig-
ure 3b,c: in Figure 3b for LC1, two horizontal planes,
each decorated with a 2D TI, occupy all four C2-axes
and all eight inversion centers, and in Figure 3c for LC2,
two vertical planes, each decorated with a mirror Chern
insulator with Cm = 1, occupy the two mirror planes and
the eight inversion centers.
Since all inversion centers are occupied in LC1 and
LC2, in both cases we have δi = 1. LC1 occupies all
5four C2-rotation axes, once each, thus having nontrivial
rotation invariant δr = 1, while LC2 does not occupy
any of the rotation axes, having δr = 0. On the other
hand, LC2 occupies the two mirror planes, each with 2D
TCI having Cm = 1. According to the calculation in
Section IV LC2 has mirror Chern numbers Cm = 2 at
kz = 0 plane and Cm = 0 at kz = pi plane; and LC1,
not occupying any mirror plane, has vanishing mirror
Chern number. LC1 and LC2 are therefore topologically
distinct states.
Now we turn to the SI of LC1 and LC2. For space
group P2/m, the SI have the same group structure Z2×
Z2 × Z2 × Z4 as that of its subgroup P 1¯. In this case,
the value of each indicator remains the same as we break
the symmetry down to P 1¯. Viewed as LC in P 1¯, both
LC1 and LC2 are the superpositions of eLC(mnl, 0) and
eLC(mnl, 12 ), thus having, by the additivity of SI, z2w,i =
0 and z4 = 2.
The failure in distinguishing LC1 and LC2 by indica-
tors reveals a general ambiguity in the diagnosis of mirror
Chern numbers. We can add additional even number (2p)
of A-eLC and even number (2q) of B-eLC to LC1 such
that the composite state has the same SI and δr with
LC1 but nonzero mirror Chern numbers Cm,0 = 2p+ 2q,
Cm,pi = 2p − 2q. On the other hand, we can also add
these additional eLCs to LC2 to get a state having the
same SI with LC2 but different mirror Chern numbers
Cm,0 = 2 + 2p+ 2q, Cm,pi = 2p− 2q. The proof here can
be generalized to any space group having mirror planes
and perpendicular rotation axes, providing that the or-
der of the rotation is even. In all these space groups, as
shown in Table VII, the TCIs having invariants δr = 1
and Cm,0 − Cm,pi = 0 mod 2n and the TCIs having
δr = 0 and Cm,0 − Cm,pi = n mod 2n have the same
SI, here n is the order of the rotation axis. The two
possible sets of invariants shown in Figure 1, wherein
one is Cm(001) = 4 mod 8, δr(001) = 0 and the other is
Cm(001) = 0 mod 8, δr(001) = 1, are the examples for
n = 4.
Indicators for time-reversal topological insulators. In
the SI group of each space group, except #174 and #187-
190, there is one special indicator of Z2,4,8,12-type, de-
noted by zt, marked red in Tables II and III. When this
special indicator is odd, the system is the well-known
3D time-reversal topological insulator [40] (TI for short).
The essential difference between a TI and a TCI is that
the former only requires time-reversal symmetry, such
that it remains nontrivial even when all crystalline sym-
metries are broken. TI does not have layer constructions,
so that the method we use does not apply to SI having
zt ∈ odd. To construct states having zt ∈ odd, we first
notice that TI is consistent with all space groups, such
that for each space group, we have at least one state that
is a TI. Then we can superimpose this TI with all ex-
isting LCs obtained, and generate gapped states for all
nonzero combinations of SI with zt ∈ odd (but with five
exceptions discussed in Discussion section).
Regarding zt ∈ odd, we comment that the value of
zt generally has a convention dependence on the over-
all signs in the definition of inversion and the rotation
operators. For example, in space group P 1¯, the defin-
ing properties of the symmetry operators are Pˆ 2 = 1,
Tˆ 2 = −1 and [Pˆ , Tˆ ] = 0. It is easy to check that the
overall sign in front of Pˆ can be freely chosen without
violating any of the above relations. In other words,
without external references, it is unknown a priori if, for
example, an s-orbital should be assigned with positive
or negative parity. Upon redefining Pˆ → −Pˆ , a state
having z4 = 1 goes to z4 = 3 and vice versa. In simi-
lar ways, it is proved in Appendix D that states having
the Z8-indicator z8 = 1, 3, 5, 7 differ only by convention
and so do the states have Z12-indicator z12 = 1, 5, 7, 11.
In these cases, the convention refers to the overall sign in
front of inversion operator and the sign in front of the ro-
tation operator. It is difficult to distinguish these states
from each other experimentally. However, here we em-
phasize that the SI z4 = 1, 3 (so do the SI z8 = 1, 3, 5, 7
and z12 = 1, 5, 7, 11) have a relevant difference under a
fixed convention, which can be detected by the anoma-
lous boundary between the two phases. For example,
suppose we have a spherical sample of z4 = 3 phase
and fill the space outside the sphere with z4 = 1 phase,
then as long as the geometry keeps inversion symmetry,
the boundary state on the spherical surface should be
identical with the boundary state between z4 = 2 and
z4 = 0 phases, which is known as 1D helical mode (See
Appendix A for details). This is because we can deduct
a background of z4 = 1 phase both inside and outside
the sphere without changing the boundary state.
The space groups #174, #187, #189 and #188, #190,
where one can not diagnose TI from SI, have the SI
groups Z3×Z3 and Z3, respectively, and the correspond-
ing SI z3m,0 and z3m,pi are the mirror Chern numbers
(mod 3) in the k3 = 0 and k3 = pi planes. In #188
and #190 z3m,pi is trivialized by nonsymmorphic sym-
metry and thus the corresponding SI groups reduce to
Z3. In these space groups the TI invariant is the par-
ity of Cm,0−Cm,pi[23] whereas SI have ambiguity for the
parities of mirror Chern numbers, thus TI can never be
diagnosed from SI. For example, z3m,0 = 1, z3m,pi = 0 can
correspond to Cm,0 = 1, Cm,pi = 0 (a TI) or Cm,0 = −2,
Cm,pi = 0 (not a TI).
III. DISCUSSION
A byproduct of this study is a complete set of TCIs
that can be layer-constructed in all 230 space groups
(Tables V to VIII), even including groups not having SI.
The abundance of the states thus obtained naturally sug-
gests the question: are all TCI states exhausted in these
layer-constructions? We regret to answer it in the nega-
tive: layer construction cannot give us the weak topolog-
ical insulator states in five space groups, namely, #48,
#86, #134, #201 and #224. In any one of the five,
there is a weak indicator z2w, but all layer constructed
6states have z2w = 0. A common character of these space
groups is that they have three perpendicular glide planes
{m001| 12 120} {m010| 120 12} {m100|0 12 12} such that any sin-
gle layer having weak index z2w,i = 1 would be doubled
along the i-th direction and so the generated eLC has
vanishing weak index. Explicit (non-LC) tight-binding
models for the z2w = 1 states are given in Appendix F,
completing the proof that for any nonzero SI there is at
least one corresponding gapped topological state. These
corner cases are somewhat surprising as weak TI have so
far been considered most akin to stacking of decoupled
2D TI.
Finally, we comment that all LCs can be used to build
3D symmetry protected topological states of bosons and
fermions protected by space group G plus a local group
GL. To do this one only needs to decorate each layer
with a 2D SPT protected by GL instead of the 2D TI.
Towards the completion of the work, we have been
aware of a similar study [55]. To our knowledge, the re-
sults, when overlapping, are consistent with each other.
IV. METHODS
A short review of symmetry-based indicator. For each
momentum in the Brillouin zone, there is an associate
subgroup, called the little group, of the space group G,
under the action of which the momentum is invariant up
to a reciprocal lattice vector. A point is a high-symmetry
point, denoted Kj , if its little group is greater than the
little group of any point in the neighborhood. A fun-
damental theorem is that each band at momentum Ki
or multiplet of degenerate bands corresponds to an ir-
reducible representation of the little group at Ki. The
symmetry data of a band structure is defined as the an
integer vector n, each element of which, n(ξ
Kj
i ), is the
number of appearance of the i-th irreducible represen-
tation in the valence bands at the j-th high-symmetry
momentum Kj , where i = 1, ..., rj labels the irreducible
representations of the little group at Kj . One could fur-
ther define the addition of two symmetry data as the
addition of each entry, which corresponds to, physically,
the superposition of two band structures.
For a gapped band structure, the elements of its sym-
metry data cannot take arbitrary integers, and there are
constraints on the symmetry data known compatibility
relations[40, 41, 43]. For example, gapped-ness requires
that the occupation numbers at each Ki be the same,
i. e.,
∑
i n(ξ
Kj
i ) = const. All compatibility relations are
linear equations so that the symmetry data satisfying all
these relations again form a smaller linear space, termed
the band structure space, denoted {BS}.
On the other hand, we consider the symmetry data of
atomic insulators. In atomic insulators, the bands are
generated by decoupled atomic orbitals placed at certain
Wyckoff positions in the unit cell. By this definition,
one finds that the symmetry data of atomic insulators
also form a linear space, denoted {AI} (also called the
space of band representations [41]). Obviously a symme-
try data n ∈ {AI} satisfies all compatibility relations, so
{AI} ⊆ {BS}. One then naturally considers the quotient
space XBS = {BS}/{AI}. XBS is always a finite group
generated by several Zn=2,3,4,6,8,12[40]. Each generator
of XBS is called a symmetry-based indicator.
The following properties of indicators should be men-
tioned: any two gapped band structures having different
sets of SI must be topologically distinct, and any two
different symmetry data having the same set of SI only
differ from each other by the symmetry data of an atomic
insulator.
In Ref. [40], the authors calculate the group struc-
ture of the indicators for all 230 space groups. However,
it does not give explicit formulae for the generators. In
order for application, we derive all these formulae in Ap-
pendix D.
Mirror Chern number of layer construction. Below we
explicitly calculate the mirror Chern numbers of LC1 and
LC2 in Figure 2. As shown in Figure 3e, in BZ of space
group P2/m there are two mirror-invariant planes, i.e.,
the k2 = 0 and k2 = pi planes, thus we have two mirror
Chern numbers Cm,0 and Cm,pi. We assume there are
only two occupied bands in the vertical 2D TCIs in LC2
and denote the corresponding Blo¨ch wave functions as
|φ±i(k2D, x2)〉. Here ±i represent the mirror eigenvalues,
where i is the imaginary unit, k2D = (k1, k3) is the 2D
momentum, and x2 is the position along a2 where the
2D TCIs are attached. We also assume that the wave
functions with the mirror eigenvalue i (−i) give a Chern
number 1 (−1) such that the 2D mirror Chern number
Cm equal to 1. Under the mirror operation Mˆ the 2D
Blo¨ch wave function |φ±i(k2D, x2)〉 firstly get a mirror
eigenvalue ±i and then move to the mirror position −x2
Mˆ |φ±i(k2D, x2)〉 = ±i|φ±i(k2D,−x2)〉 (3)
To calculate the mirror Chern numbers of LC2 we divide
it into two subsystems: the eLC generated from A layer,
and the eLC generated from B layer (Figure 3c). Since
the total mirror Chern numbers are the sum of mirror
Chern numbers of the two subsystems, we need only to
analyse the two subsystems respectively. The 3D Blo¨ch
wave functions of A- and B-eLCs can be constructed as
|ψA±i(k)〉 =
∑
x2=0,±1···
eik2x2 |φ±i(k2D, x2)〉 (4)
|ψB±i(k)〉 =
∑
x2=± 12 ,± 32 ···
eik2x2 |φ±i(k2D, x2)〉 (5)
Due to Eq. (3), it is direct to show that |ψAi (k1, 0, k3)〉
and |ψAi (k1, pi, k3)〉, both of which are superpositions of
|φi(k2D, x2)〉 and thus have the Chern number 1, have the
same mirror eigenvalue i (Figure 3d). Thus for A-eLC m
the mirror Chern numbers at k2 = 0 and k2 = pi are all
1. On the other hand, |ψBi (k1, 0, k3)〉 and |ψBi (k1, pi, k3)〉,
again both of which have the Chern number 1, have mir-
ror eigenvalues i and −i, respectively (Figure 3d). Thus
7for B-eLC the mirror Chern numbers at k2 = 0 and
k2 = pi are 1 and −1, respectively. Therefore the total
mirror Chern numbers in momentum space are Cm,0 = 2
and Cm,pi = 0 for LC2. It should be noticed that the
values of Cm,0 and Cm,pi do not depend on the two band
assumption we take: as long as the 2D TCI has Cm = 1
the results remain the same. On the other hand, the mir-
ror Chern numbers of LC1 should be zero for both k2 = 0
and k2 = pi by the following argument. Without break-
ing mirror symmetry, each vertical plane can bend sym-
metrically toward the mirror plane until the two halves
coincide on mirror invariant planes in real space, due to
the Z2-nature of each half, the folded plane is topologi-
cally equivalent to a trivial insulator. Since LC1 can be
smoothly trivialized without breaking mirror symmetry,
it must have vanishing mirror Chern numbers.
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9Appendix A: Topology of layer construction
1. General consideration
A general layer consistent with a lattice is described by
a set of Miller indices (mnl) and the distance to the origin
point d. Formally, we denote such a layer as (mnl; d)
(mnl; d) =
{
r|r · (mb1 + nb2 + lb3) = 2pi (d+ q)
q ∈ Z, 0 ≤ d < 1
}
(A1)
where b1,2,3 are the reciprocal lattices. Due to the trans-
lation symmetry, the layer consists of an infinite number
of planes, each of which is represented by an integer q.
For a layer, denoted as L, in a particular space group
(SG) G, its symmetry property is described by its little
group, which is defined as the subgroup of G that leaves
L invariant
S (L) = {s ∈ G|sL = L} (A2)
S must also be a SG containing the full translation sub-
group since by definition any lattice vector would trans-
late the layer in Eq. (A1) to itself. Thus the SG can be
decomposed as a finite number of cosets of S
G = g0S + g1S + · · · (A3)
By applying all the coset representatives on L, we get a
set of symmetric layers
{g0L, g1L, · · · } (A4)
An elementary layer construction (eLC) can be got by
decorating the layers in {g0L, g1L, · · · } with a set of sym-
metric 2D topological states, i.e., 2D topological insu-
lators protected by time-reversal symmetry (TIs) or 2D
mirror topological crystalline insulators (TCIs) with mir-
ror Chern number 1. We denote the eLC generated from
L as eLC(L). A general layer construction (LC) can be
got by stacking a finite number of eLCs together. For-
mally, a LC state can be expressed as the direct product
of some eLC states
C = E⊗c11 ⊗ E⊗c22 ⊗ · · · (A5)
Here C represent the LC, E1, E2· · · are the eLCs, and
c1, c2 · · · are integers representing the multiplicities of
these eLCs.
In this work, the topology of a LC C is represented by
a set of invariants, denoted as {δ(C)}. The invariant set
should be properly designed such that (i) it is complete
for LC states, i.e., any two topologically different LCs
have different invariants, and (ii) each invariant in it is
additive, i.e.,
δ (C ⊗ C ′) = δ (C) + δ (C ′) (A6)
Here the strong TI invariant, denoted as δt, is not in-
cluded because the strong TI can not be constructed from
2D topological states. From Eq. (A5) and (A6) it is direct
to show that the invariants of a LC are completely de-
termined by the constituent eLCs and the corresponding
expansion coefficients
δ (C) = c1δ (E1) + c2δ (E2) + · · · mod Nδ (A7)
Here Nδ is the order of the additive group formed by δ.
For example, for mirror Chern number Nδ = ∞ and for
hourglass invariant Nδ = 2. Hereafter, we will say that
two LCs are equivalent with each other if their invariant
sets are same. Consequently, although a LC with neg-
ative coefficients on eLCs seems not physical it can be
equivalent with a physical one. In this sense, we general-
ize the coefficients in Eq. (A7) from non-negative integers
to any integers. Therefore, all the possible topologies can
be easily found once we got all the nonequivalent eLCs.
In Appendix C we will give the systematic method to
generate all these eLCs. For now, let us introduce the in-
variant set, which consists of four kinds of known invari-
ants and two newly found invariants. Since for any single
spatial operation we have either found its corresponding
TCI invariant or proved the nonexistence of TCI invari-
ant, we conjecture that the six kinds of invariants are
complete for LC states.
2. Four kinds of topological crystalline insulator
invariants
The weak invariants δw,i=1,2,3. These three Z2 num-
bers are associated with three primitive lattice bases
a1,2,3, and, a nontrivial invariant implies that gapless
modes must exist on the surfaces preserving the transla-
tion symmetry generated from the corresponding lattice
base. Here we give the method to calculate the weak in-
variants of an eLC. As shown in Figure 4a, for a layer
given in Eq. (A1) we can easily calculate its intersections
with a1,2,3 as
d+ q
m
,
d+ q
n
,
d+ q
l
(A8)
respectively. Thus, on an a1 (a2, a3) preserving surface,
the layer cuts a1 (a2, a3) by m (n, l) times per surface
unit cell and each cut contributes to a helical mode if
the layer is filled with 2D TI. As each pair of helical
modes can be trivialized without breaking the translation
symmetry, the i-th weak invariant of an eLC should be
nontrivial only if the layers in it cuts ai odd times per
unit cell. Therefore, we have
δw,1(E) =
∑
L∈E
mL mod 2 (A9)
δw,2(E) =
∑
L∈E
nL mod 2 (A10)
δw,3(E) =
∑
L∈E
lL mod 2 (A11)
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FIG. 4. In a we illustrate the calculation of weak invariants
for a LC. The layer (201; 0) intersects with a1, a2, and a3 by
2, 0, and 1 times per unit cell, and so the weak invariants are
δw,1 = 0, δw,2 = 0, and δw,3 = 1. b is the LC of a mirror TCI.
c is the LC with nontrivial C2-rotation invariant. e is the LC
with nontrivial inversion invariant. In d we show how a LC
occupying the C2 axis twice can be dimerized and moved away
from the C2 axis symmetrically, where the two 2D TIs making
up the LC are represented by the blank dashed parallelograms
and the dimerized configuration is colored in yellow.
Here E is the eLC, and L sums over all the layers in
it. In the example shown in Figure 4a, the layer’s Miller
indices are (201), thus the corresponding weak invariants
are δw,1 = 0, δw,2 = 0, δw,3 = 1.
The real space mirror Chern number Cm. In presence
of mirror symmetries, 3D mirror TCIs can be got by dec-
orating the mirror planes with 2D mirror TCIs. And,
the corresponding mirror Chern numbers (in real space)
is simply given by the number of times that the mirror
planes are occupied by the 2D mirror TCIs. Therefore,
at each mirror plane we assign a mirror Chern number,
which can be calculated as
Cm(E) =
∑
L∈E
Nom (L) (A12)
Nom (L) =
{
1 if m ∈ L
0 otherwise
(A13)
for an eLC, where m ∈ L means the mirror plane is
occupied by L and Nom (L) is the number of times that
the mirror plane is occupied by L. In the following, we
refer such numbers as occupation numbers (ONs).
There should be no worry about the signs of the mirror
Chern numbers. For the 2D state on the mirror plane,
the mirror Chern number can be defined as
Cm =
1
2pi
ˆ
d2k n ·Ω(i)k (A14)
a b c
d e f
glide
2D TIt
t 2t
helical
mode
FIG. 5. In a and c, the two LCs having nontrivial hourglass
invariant are plotted respectively, and in b the intermediate
state between them is plotted. The corresponding boundary
states on a square cylinder geometry are plotted in d-f. The
translation symmetry on the surface is assumed to be broken.
where Ω
(i)
k is the Berry curvature in the sector with mir-
ror eigenvalue i, n is the normal vector of the mirror,
and k is integrated in the 2D Brillouin zone on the mir-
ror plane. Firstly, this definition does not depend on the
choice of the normal vector. If we choose n′ = −n as
the normal vector, then the ±i mirror eigenvalues inter-
change with each other and so the Berry curvature in i
sector becomes Ω(i)′ = Ω(−i) = −Ω(i), leading to the
same Cm. Secondly, the mirror Chern numbers on all
equivalent mirror planes in an eLC must equal to each
other, since under any space group operation both n and
Ω(i) transforms as pseudo vectors, i.e., vectors ignoring
the inversion, and thus Cm transforms as a scalar. In an
eLC there is at most one kind of equivalent mirror planes
are occupied, therefore we can always choose proper 2D
mirror TCIs such that all the corresponding mirror Chern
numbers are 1.
The hourglass invariant δh. In presence of glide sym-
metry, a Z2 bulk invariant can be defined from the Wil-
son loop operator [24, 56]. And the nontrivial topology is
manifested by the hourglass fermion on the surface pre-
serving the glide symmetry. A fixed-point wavefunction
of such a state is a simple stacking of 2D TIs along the
glide vector [52], as shown in Figure 5a. The two 2D TIs
in one unit cell are connected by the glide vector, thus
they can not be dimerized without breaking the glide
symmetry. Correspondingly, on the surface preserving
the glide symmetry the two helical modes contributed by
the two 2D TIs are also connected by the glide vector
and so also can not be dimerized.
Here we propose another glide-protected nontrivial LC
configuration where only a single 2D TI occupies the glide
plane, as shown in Figure 5c. This LC is nontrivial be-
cause the single 2D TI can not be trivialized symmet-
rically. The corresponding boundary state on a square
cylinder geometry, which is infinitely long to keep the
glide symmetry, hosts only two 1D helical modes (Fig-
ure 5f) if the other translation symmetry on surface is
broken. As illustrated in Figure 5b, such a state can be
symmetrically deformed to the above LC of the hourglass
state where 2D TIs are stacked along the glide vector.
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Therefore, the three LCs plotted in Figure 5a-c are all
topologically equivalent.
With the above analysis, we conclude that each pair
of layers connected by the glide vector (Figure 5a,b) or
each single layer occupying the glide plane (Figure 5c)
contributes to one hourglass mode. Due to the Z2 nature
of the hourglass invariant, to calculate the δh we should
count the number of such configurations in an eLC and
take the parity (even or odd) in the end. Since the mini-
mal lattice translation along the glide vector t‖ is 2t‖, the
layer L in Figure 5a,b contribute 12pi2|t‖·gL| helical modes
per surface unit cell, or 12pi |t‖ · gL| pairs of helical modes
per surface unit cell, where gL = mLb1 + nLb2 + lLb3
is the normal vector of L. Therefore, the corresponding
invariant can be calculated as
δh(E) =
∑
L∈E
Nom,t‖(L) +N
s
m,t‖(L) mod 2 (A15)
Nom,t‖ (L) =
{
1 if m ∈ L
0 otherwise
(A16)
N sm,t‖ (L) =
1
2pi
|t‖ · gL| (A17)
where m is the mirror plane, t‖ is glide vector, and m ∈ L
means that the glide plane is occupied by L. Nom,t‖(L)
and N sm,t‖(L) are the glide-ON and the glide-stacking-
number (glide-SN) contributed by the LC configurations
in Figure 5c and Figure 5a,b respectively,
The rotation invariant δr. The TCIs protected by
Cn=2,4,6-rotation are proposed very recently [21, 47]. For
a given rotation axis, the corresponding Z2 invariant δr
can be defined as: 1 if the state can not be adiabatically
deformed to an atomic insulator symmetrically with re-
spect to the corresponding rotation axis, and 0 otherwise.
As discussed in Ref. [21], such states are easy to realize
by layer construction. For example, as illustrated in Fig-
ure 4c, if the C2 axis is occupied by only one 2D TI, then
this 2D TI can not be dimerized symmetrically since the
minimal configuration that does not occupy the C2 axis
needs at least two 2D TIs (Figure 4d. However, if the C2
axis is occupied by two 2D TIs (dashed parallelograms in
Figure 4d), the 2D TIs can be dimerized symmetrically.
Similarly, for the C4 and C6 axis, the minimal config-
uration occupying the axis needs only 2 and 3 2D TIs,
respectively; while the minimal configuration that does
not occupy the axis needs 4 and 6 2D TIs, respectively.
Therefore the eLC consisting of 2 (3) 2D TIs occupying a
C4 (C6) axis is also topologically nontrivial. (An excep-
tion is the C3 axis, for which both the minimal occupying
configuration and the minimal not-occupying configura-
tion need 3 2D TIs.) To calculate the Z2 invariant of a
Cn-rotation axis for a given eLC we need only to count
the times that the axis is occupied
δr(E) =
∑
L∈E
2
n
NoCn (L) mod 2 (A18)
NoCn (L) =
{
1 if Cn ⊂ L
0 otherwise
(A19)
where Cn ∈ L means that the Cn-rotation axis is occu-
pied by L and NoCn (L) is the rotation-ON of L.
The inversion invariant δi. The inversion symmetry
can also protect a new kind of TCI [21]. Such a state
can be thought as a double of the centrosymmetric TI.
Double of TI is usually considered as a trivial state since
the surface Dirac nodes can be gapped, while it is proved
that in presence of inversion symmetry even all the sur-
faces are gapped there must be a 1D helical mode on the
inversion preserving boundary. Such a state can be real-
ized by a LC occupying the inversion center (Figure 4e).
Similar with C2-rotation-protected TCI, odd number of
2D TIs occupying the inversion center can not be trivi-
alized without breaking the inversion while even number
can be, leading to the Z2 classification. For each inver-
sion center, we can assign an inversion invariant δi defined
as: 1 if the state can not be adiabatically deformed to
an atomic limit centrosymmetrically with respect to the
corresponding inversion center, and 0 otherwise. In an
eLC state, the invariant δi can be simply counted as the
parity of the number of times that the inversion center
being occupied by the layers.
δi(E) =
∑
L∈E
Noi (L) mod 2 (A20)
Noi (L) =
{
1 if i ∈ L
0 otherwise
(A21)
where i ∈ L means that the inversion center i is occupied
by L and Noi (L) is the inversion-ON of L.
3. Two new topological crystalline insulator
invariants
The screw invariant δs. In the above we have dis-
cussed that the TCI invariant δr can be defined in pres-
ence of Cn=2,4,6-rotation symmetry. A natural ques-
tion is whether similar TCI invariant exits in presence of
Cn=2,4,6-screw symmetry. Suppose that the C2-rotation
axis in Figure 4c is replaced by a C2-screw axis, then
without breaking the C2-screw symmetry this 2D TI can
not be trivialized, whereas double of the LC can be sym-
metrically trivialized. Similar statements also hold for
C4- and C6-screw symmetries. Therefore a Z2 invari-
ant, denoted as δs, can be defined when Cn=2,4,6-screw
presents. On the other hand, similar with the hourglass
state, such a LC can be deformed symmetrically to an-
other LC where 2D TIs are stacked along the screw vector
(just like the LC in Figure 5a. Similar deformations can
also happen for Cn=4,6-screw-protected TCIs. The key
character of the deformed LC is that there are odd num-
ber of 2D TIs stacked in each screw-vector section, i.e.,
12∑
L
1
2pi |t‖ ·gL| = 1 mod 2. Here L sums over the layers in
the LC, gL = mLb1+nLb2+lLb3 is the normal vector of
L, and t‖ is the screw vector. Since the two possible LCs
are topologically equivalent, to calculate δr they should
be equally treated. Therefore, the screw invariant can be
calculated as
δs(E) =
∑
L∈E
2
n
NoCn,t‖(L) +N
s
Cn,t‖(L) mod 2 (A22)
NoCn,t‖(L) =
{
1 if Cn ⊂ L
0 otherwise
(A23)
N sCn,t‖(L) =
1
2pi
|t‖ · gL| (A24)
where NoCn,t‖(L) and N
s
Cn,t‖(L) are the screw-ON and
the screw-SN contributed by the two possible LC config-
urations, respectively.
The S4 invariant δS4 . There are three types of sym-
metry elements, i.e., the point like, the line like, and
the plane like elements. In the above section, all the
topologies protected by line like and plane like symmetry
elements have been discussed. However, the discussion
about point like elements is incomplete—besides the in-
version center there is another point like symmetry ele-
ment, i.e., the S4 center. It should be noticed that, other
than S6 which is equivalent with a mirror plus a C3 ro-
tation, S4 center is a real point like element which can
not be reduced to other type symmetry elements.
Now consider the symmetric configurations of 2D TIs
occupying a S4 center. There are two kinds of them are
nontrivial. In the first configuration (Figure 6a), only
one 2D TI occupies the S4 center and it is perpendicular
to the C2-rotation axis given by S
2
4 . This configuration is
nontrivial because we can not move or dimerize the only
2D TI there. In the second configuration (Figure 6c),
two 2D TIs occupy the S4 center and they are parallel
with the C2-rotation axis given by S
2
4 . As shown in Fig-
ure 6b, there is a symmetric deformation connecting it
to the first configuration, thus the second configuration
is indeed equivalent with the first one. From the aspect
of boundary state on a sphere geometry, the first config-
uration contributes one helical mode along the equator
(Figure 6d), while the second configuration contributes
two helical modes along two orthogonal meridians (Fig-
ure 6f). These two boundary states are also connected
by a symmetric deformation, as shown in Figure 6e.
Double of the nontrivial configuration must be triv-
ial, because both the bulk 2D TIs and the corresponding
boundary states can be dimerized without breaking the
S4 symmetry. Therefore, a Z2 invariant for this new TCI
can be defined as: 1 if the state can not be deformed
to an atomic insulator adiabatically and symmetrically
with respect to the S4 symmetry, and 0 otherwise. To
calculate this invariant for an eLC, we need only to count
a b c
d e f
C2 axis
S4 center
2D TI
Helical
mode
FIG. 6. S4 invariant in LC. In a and c, we show two topolog-
ically equivalent LCs with nontrivial S4 invariant, and in b
we show the symmetric deformation from c to a. d, f, e are
the corresponding boundary states on a sphere geometry.
the number of 2D TIs occupying the S4 center
δS4(E) =
∑
L∈E
NoS4 (L) +
1
2
∑
L∈E
NoS24
(L) mod 2 (A25)
NoS4 (L) =
{
1 if S4 ∈ L and L ⊥ S24
0 otherwise
(A26)
where NoS4(L) is the S4-ON of L and N
o
S24
(L) is the C2-
rotation-ON of L. A trick used here is to count the con-
tribution of each 2D TI in the second configuration as 12
such that the two 2D TIs in total contribute 1.
4. Surface states of topological crystalline
insulators
Here we present a short summary of the topological
surface states corresponding to the TCI invariants intro-
duced above (Figure 7).
The TCI invariants can be roughly classified into two
classes by whether the protecting symmetry is point-
group-like or not. The point-group-like symmetries can
be further classified into three cases by the dimensions of
symmetry elements. (i) The point-like symmetries, i.e.,
the inversion and S4. The corresponding invariants are δi
and δS4 , and the correspinding anomalous surface states
are 1D helical modes, which can be detected by putting
the TCIs on finite geometries preserving the point-like
symmetries, as shown in Figure 7a,b. Under the point-
like symmetries the 1D modes transform to themselves
such that without breaking the point-like symmetries the
1D modes can not be removed. (See Ref. [21] for more
details of surface states of the inversion and S4 invari-
ants, respectively.) (ii) The line-like symmetries, i.e., the
Cn=2,4,6-rotation. The correspinding invariant is δr. And
the corresponding anomalous surface state consists of two
parts: the n (modulo 2n) 2D Dirac nodes on surface pre-
serving the rotation symmetry and the n (modulo 2n)
1D helical modes on finite geometry preserving the rota-
tion symmetry. Both the two kinds of surface states can
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2× 4× 6×
Cm×
2×
ai
a f
g h k
b c d e
j
helical mode
i
inversion center C2 axis
C4 axis
C6 axis
S4 center
C2 screw axis
C4 screw axis
C6 screw axis
mirror plane glide plane
2D gapless mode
FIG. 7. Surface states of topological crystalline insulators. a The surface state of inversion-protected TCI. b The surface
state of S4-protected TCI. c-e The surface states of Cn=2,4,6-rotation-protected TCI. f The surface state of mirror TCI. g The
surface state of weak TI, here ai represents the translation symmetry protecting the weak index. h-j The surface states of
Cn=2,4,6-screw-protected TCI. k The surface state of hourglass TCI.
be detected by putting the TCI on a cylinder geometry
preserving the rotation symmetry, where on the top sur-
face are the 2D Dirac nodes and on the side surface are
the 1D helical modes, as shown in Figure 7c-e. (See Ref.
[21] and [47] for the 2D and 1D surface states, respec-
tively.) (iii) The plane-like symmetry, i.e., the mirror.
The correspinding invariant is the mirror Chern number
Cm, and the correspinding anomalous surface state is the
2D state with Cm Dirac nodes on surface preserving the
mirror symmetry, as shown in Figure 7f [23, 51].
The non-point-group symmetries that can protect TCI
invariants can also be classified into three cases. (i) The
translation symmetry. The correspinding invariant is the
weak TI index, i.e., δw, and the corresponding anomalous
surface state is the 2D state with even number of Dirac
nodes on surface preserving the translation symmetry, as
shown in Figure 7g [35]. (ii) The Cn=2,4,6-screw sym-
metry. The corresponding invariant is δs and the cor-
respinding anomalous surface states are the 1D helical
modes on cylinder geometry preserving the screw symme-
try. As discussed above in this appendix, screw-protected
TCI can have identical LCs with the rotation-protected
TCI, where the Cn=2,4,6-screw axis is occupied by n/2
times. Putting such LCs on a cylinder geometry, we get
the 1D helical modes shown in Figure 7h-j. The only dif-
ference with rotation-protected TCI is the absence of 2D
gapless surface state because the screw symmetry must
be broken on any 2D surface. (iii) The glide symmetry.
The corresponding invariant is δh, and the correspond-
ing anomalous surface state is the 2D hourglass fermion
on surface preserving the glide symmetry, as shown in
Figure 7k [24].
5. Generating all symmetry elements in a space
group
In this section we give the general strategy to generate
all the symmetry elements in a given space group. When
we talk about the symmetry element associated with a
symmetry operation, we mean (i) the center about which
the operation takes place, which is given by the invariant
geometry object under the operation, and (ii) the type
of the corresponding operation, i.e., inversion, rotation,
screw, etc. A general space group operation can be writ-
ten as {p|t + R} and can be interpreted as a point group
operation centered at x followed by a translation t‖
pr + t + R = p (r− x) + x + t‖ (A27)
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where x and t‖ are determined by
(1− p) x + t‖ = t + R (A28)
pt‖ = t‖ (A29)
Beware that x can be a point, a line, or a plane. Sym-
metry element got from nonzero R is called “additional
symmetry elements” [33], which in general has different
location and even different type with the original sym-
metry element given by {p|t}, for example, a rotation
axis may change to a screw axis, and a mirror plane may
change to a glide plane. Due to the translation symmetry,
the TCI invariants defined on symmetry elements locat-
ing in different cells must be identical with each other.
Therefore, a complete TCI invariant set should include
only the TCI invariants defined in the home cell.
6. The momentum space mirror Chern numbers
As discussed above in this appendix, the real space mir-
ror Chern number is easy to calculate for LCs. However,
people usually understand the mirror Chern numbers in
momentum space. Thus we devote this section to trans-
late the real space mirror Chern numbers to momentum
space Mirror Chern numbers.
Consider a mirror operation {m|t}, where t is per-
pendicular with the mirror. By applying Eq. (A28)
and (A29), we get that the mirror or glide plane gen-
erated from {m|t + R} satisfies
d =
1
2pi
x · gm = 1
4pi
t · gm + 1
4pi
R · gm (A30)
t‖ = R− (R · gˆm) gˆm (A31)
Here gm is the normal vector of the mirror, i.e., the min-
imal reciprocal vector perpendicular with the mirror, gˆm
is the unit vector along gm, d is the position of the mirror
or glide plane, and t‖ is the translation parallel with the
glide plane (zero for mirror). Since 12piR · gm must be an
integer, 14piR · gm is either an integer or a half-integer.
Due to the translation symmetry, all R giving integer
1
4piR · gm correspond to the original mirror plane A, and
all R giving half-integer 14piR ·gm correspond to the new
mirror or glide plane B. The two cases that B is a mirror
plane or a glide plane, which depend on the value of t‖,
are very different. For the first case, we have two real
space mirror Chern numbers for A and B, respectively.
While, for the second case, we have only one real space
mirror Chern number for A. For the first case, as shown
in Figure 8a, the minimal lattice vector perpendicular to
the mirror, denoted as am, is just the shortest R giving
1
4piR · gm = 12 , and in one period there are two distinct
mirror planes. Here we choose the mirror operation on
A to define the mirror eigenvalue. Applying the Fourier
a
b
A B
A B B B BA A A A
11 1 11
-i i1-1 -1
1 1 1 11
-i i1-1 -1
A A
R t
║
am=2R-2t║
B
mirror mirror mirrormirrormirror
mirror mirror mirrormirrormirror
e 
i0∙r
|am|
e
i�∙r
|am|
e 
i0∙r
|am|
e
i�∙r
|am|
am=R
glideglideglide glide
FIG. 8. The mirror plane generated from {m|t} is denoted as
A, and the mirror or glide plane generated from {m|t+R}
with 1
4pi
R ·gm = 12 (modulo 1) is denoted as B. The R plotted
is the shortest lattice vector giving 1
2pi
R · gm = 12 . In a
B is a also a mirror plane, and the minimal lattice vector
perpendicular with A is am = R. In b B is a glide plane,
and the minimal lattice vector perpendicular with A is am =
2R−2t‖, where t‖ is the glide vector of B. In the bottom of a
and b, we list the phase factors in the Fourier transformations
along am for k = 0 and k = pi.
transformation along am, we find that for the two mirror-
invariant momenta k = 0, pi A subsystem has the same
mirror eigenvalues while B subsystem has two converse
mirror eigenvalues. Therefore, the mirror Chern number
at k = 0 and k = pi is given by
Cm,0 = Cm,A + Cm,B (A32)
Cm,pi = Cm,A − Cm,B (A33)
respectively, where Cm,A and Cm,B are the two real space
mirror Chern numbers. For the second case, as shown in
Figure 8b, the minimal lattice vector perpendicular to
the mirror is given by 2R− 2t‖, where R is the shortest
lattice vector giving 14piR · gm = 12 , and in one period
there are two same mirror planes. Applying the Fourier
transformation, we get
Cm,0 = 2Cm,A (A34)
Cm,pi = Cm,A − Cm,A = 0 (A35)
where Cm,pi is always zero.
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Appendix B: Convention dependence of topological
invariants
There may be more than one symmetry elements that
are identical with each other but locate at different posi-
tions. For example, for any centrosymmetric SG there are
eight inversion centers in a unit cell. In the following we
call such symmetry elements as noncoincident identical
symmetry elements. In general case, noncoincident iden-
tical symmetry elements are given by {p|t + R}, where
p and t are fixed and R goes over lattice vectors that
merely change the position of the symmetry operation
(Appendix A). On each of the noncoincident symmetry
elements we should assign a TCI invariant, e.g., eight
inversion invariants for the eight inversion centers. How-
ever, after an exhaustive enumeration over 230 SGs, we
find that the TCI invariants defined on noncoincident
identical symmetry elements are not independent with
each other. For glide, rotation, inversion, screw, and S4
symmetries, one of the invariants can be uniquely de-
termined from another and the three weak invariants.
Therefore, among each kind of noncoincide identical sym-
metry elements it is enough to choose one to define the
invariant. The convention for this choice in given in Ap-
pendix G.
Here we take SG #2 (P 1¯) as an example to show this
convention dependence. As shown in Figure 11a, if we
choose the inversion center at origin to define the inver-
sion invariant, then E1, E2, E3 have nontrivial invariants,
and E4 has trivial invariant. While, if we choose the in-
version center at (0, 0, 12 ) to define the inversion invariant,
then E1, E2, E4 have nontrivial invariants, and E3 has
trivial invariant.
It should be emphasized that physically nontrivial
topology should not depend on this convention. In other
words, the topology is physical as long as the invariants
defined on every of the noncoincident symmetry elements
are all nontrivial. Taking SG P 1¯ as example, none of
E1, E2, E3, E4 is physically nontrivial, because in any of
them there are four empty inversion centers around which
the 2D TIs can be dimerized symmetrically by breaking
the inversion symmetry on the other four centers. On
the other hand, a physical nontrivial state can be real-
ized as E3⊗E4, where all the eight inversion centers are
occupied and so δi = 1 does not depend on the choice of
inversion center. In the ultimate presentation of our re-
sults (Table VII), convention-independent Z2 invariants
will be marked.
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Appendix C: Generating all nonequivalent
elementary layer constructions
1. Nonequivalent layers
The topology of an eLC is completely determined by
the little group, the weak invariants, the ONs, and the
SNs of any layer in it, because by applying the coset rep-
resentatives of the little group, we can reproduce weak
invariants, ONs, and SNs of all the other layers in the
eLC and so reproduce the topology of the eLC. Let us
denote a layer in an eLC as L, its little group as S (L),
and the corresponding coset representatives as g0, g1, · · · .
The eLC consists of {g0L, g1L, · · · }. Firstly, according
to Eq. (A9) to (A11), the weak invariants of giL are just
the parities of giL’s Miller indices and so are determined
by the rotation matrix of gi (an integer matrix in the
basis of lattice vectors) and the parities of L’s Miller in-
dices (L’s weak invariants). Secondly, the ONs (SNs)
on any symmetry element e of giL can be calculated as
Noe (giL) = N
o
g−1i egi
(L) (N se (giL) = N
s
g−1i egi
(L)). In the
following, we will say two layers are equivalent with each
other if the eLCs generated from them are topologically
equivalent.
Here we give a sufficient condition for equivalence: two
layers L and L′ must be equivalent with each other if
(i) S (L) = S (L′), (ii) δw,i=1,2,3 (L) = δw,i=1,2,3 (L′),
(iii) Noe (L) = N
o
e (L
′) for e as mirror (glide) planes,
C2-rotation (screw) axes, inversion centers, and S4 cen-
ters, and (iv) nt‖N
s
e(L) = nt‖N
s
e(L
′) mod 2 for e as
glide planes and Cn=2,4,6-screw axes, where nt‖ is the
minimal multiplier that makes t‖ a lattice vector, and
t‖ is the glide or screw vector. For example, for glide
and C2-screw nt‖ = 2. Now let us prove the sufficient
condition. Firstly, according to (i)-(iii) and the discus-
sion in last paragraph, the mirror, C2-rotation, inver-
sion, S4 invariants, and weak invariants of eLC(L) and
eLC(L′) must equal to each other. Secondly, since a sin-
gle layer’s ON on a C4-rotation (C6-rotation) axis equals
to its ON on the C2-rotation axis given by C
2
4 (C
3
6 ),
according to (i) and (iii) the C4-rotation (C6-rotation)
invariants of eLC(L) and eLC(L′) must equal to each
other. Thirdly, for e as glide planes two cases should be
discussed separately and in both cases the hourglass in-
variants of eLC(L) and eLC(L′) equal to each other. In
the first case we assume Nog (L) = N
o
g (L
′) 6= 0, where
g is the glide operation. As both L and L′ occupy the
glide plane, we have N sg(L) = N
s
g(L
′) = 0. According
to (i) the hourglass invariants of eLC(L) and eLC(L′)
must equal to each other. In the second case we as-
sume Nog (L) = N
o
g (L
′) = 0, which implies both L and
L′ are not invariant under the glide operation. However,
we can introduce glide-invariant “composite layers” as
L˜ = L ⊗ gL and L˜′ = L′ ⊗ gL′, whose little group is
given by S(L)⊕ gS(L) = S(L′)⊕ gS(L′). On one hand,
the discussion in last paragraph also applies for these
“composite layers” and so the topologies of the eLCs are
uniquely determined by the little groups, weak invari-
ants, ONs, and SNs of the “composite layers”. On the
other hand, we have
N sg(L˜) =
1
2pi
(|t‖ · gL|+ |t‖ · ggL|) = 2 1
2pi
|t‖ · gL|
= 2N sg(L) (C1)
and N sg(L˜
′) = 2N sg(L
′) according to Eq. (A17). There-
fore, the hourglass invariants of eLC(L) and eLC(L′) on
g should equal to each other as long as (i) and (iv) are
satisfied. Fourthly, the proof for Cn=2,4,6-screw axes is
parallel with the proof for glide plane, where a “com-
posite layer” should be introduced if the layer does not
occupy the screw axis.
To exhaust all nonequivalent eLCs, we need only to
exhaust all nonequivalent layers, which is done in two
steps—in the following two sections we first give the
strategy to generate all nonequivalent layers with same
Miller indices, and then the strategy to exhaust all Miller
indices.
2. Nonequivalent layers with same Miller index
In this section, we will prove that for a layer with given
Miller indices (mnl; d) there are only finite cases of d to
give nonequivalent layers, and give the algorithm to find
these cases. Since the weak invariants and SNs do not
depend on d, in the following two d’s will be identified
as equivalent if and only if the layer given by them have
same little group and ONs on mirror (glide) planes, C2-
rotation (screw) axes, inversion centers, and S4 centers.
Let us start with the discussion of little group. For
convenience, we set g = mb1 +nb2 + lb3. Then the little
group S (mnl; d) consists of two kinds of operations, (i)
the operations that leave g invariant
SI (mnl) =
{
{p|t + R} ∈ G∣∣pg = g
1
2pi
t · g = 0 mod 1
}
(C2)
and (ii) the operations that reverse the direction of g
SII (mnl; d) =
{
{p|t + R} ∈ G∣∣pg = −g
1
4pi
(t + R) · g = d mod 1
2
}
(C3)
The additional conditions in the braces come from the
simultaneous layer equations ( Eq. (A1)) before and after
the operation, i.e.,
r · g = 2pid mod 2pi (C4)
(pr + t + R) · g = 2pid mod 2pi (C5)
Apparently, the dependence of S (mnl; d) on d comes
from the conditions in SII, which require the layer to lo-
cate at some special positions. To make these conditions
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more explicit, we simply list all the special positions as
D′mnl =
{
d mod 1
∣∣∣∣d = t · g4pi ,
(
t · g
4pi
+
1
2
)
∀ {p|t} ∈ G pg = −g
}
(C6)
where we only take one of the points that coincide, and
1
4piR · g is omitted because it is either an integer or a
half-integer. Then, for any d ∈ D′, SII(mnl; d) can be
uniquely determined, and for any d /∈ D′ there must be
SII (mnl; d) = ∅. Use d0 to represent the general point
not in D′, the full classification of d from 0 to 1 can be
formally written as
Dmnl = {d0} ∪ D′mLnLlL (C7)
Here each entry of Dmnl can be thought as a Wyckoff
position of the 1D SG projected from the 3D SG along
the direction specified by the Miller indices, and, each
entry of Dmnl is associated with a little group S(mnl; d).
Now we prove that, not only the little group but also
the ONs for each d ∈ Dmnl can be determined. They
include ONs for (i) inversion centers, (ii) C2-rotation
(screw) axes perpendicular with g, (iii) mirror (glide)
planes perpendicular with g, and (iv) S4 centers with S
2
4
parallel with g. Notice that operations that contribute
to Eq. (C6) can only be (i) inversion, (ii) C2-rotation
(screw) perpendicular with gL, (iii) mirror (glide) per-
pendicular with gL, (iv) S4 with S
2
4 parallel with gL,
corresponding to the the four kinds of ONs. According
to Eq. (A28) and (A29), d in Eq. (C6) is nothing but
the possible positions of the corresponding symmetry el-
ements. To be specific, for the symmetry element given
by {p|t + R}, project both sides of Eq. (A28) on g, we
get its position as
1
2pi
x · g = 1
4pi
(t + R) · g (C8)
which equals to either 14pi t · g or 14pi t · g + 12 (modulo
1). Therefore, all the possible positions of these symme-
try elements have been included in Dmnl, and for each
d ∈ Dmnl, the four kinds of ONs can be calculated by
checking whether the corresponding position (Eq. (C8))
coincides with d. The trivial case where all the ONs are
zero is given by d = d0.
3. Exhausting Miller indices
In this section, we will prove that to generate all
nonequivalent eLCs only a finite number of Miller in-
dices around (0, 0, 0) need to be considered, and give the
concrete algorithm to find these Miller indices.
Two sets of Miller indices (mnl) (m′n′l′) are called
to be equivalent with each other if one of them can be
transformed from another by a SG operation, i.e.,
∃ {p|t} ∈ G s.t. g = ±pg′ (C9)
Г
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FIG. 9. In a is plotted the irreducible domain, which is
spanned by the three reciprocal vectors B1, B2, and B3 and
can be thought as the extension of the irreducible Brillouin
zone (plotted by the red lines) to infinity. In general case, a
reciprocal lattice in the irreducible domain can be expanded
by B1/2/3 with positive integers or fractions. In b we show
the 6 reciprocal lattices (green circles) that need to be con-
sidered on a high symmetry plane for the purpose of gener-
ating nonequivalent eLCs, where b˜1 and b˜2 are the primitive
bases on this plane. For example, all the eLCs generated from
b˜1 + 3b˜2 can also be generated from b˜1 − b˜2.
where g = mb1 +nb2 + lb3 and g
′ = m′b1 +n′b2 + l′b3.
Based on the equivalent relation we introduce the con-
cept of irreducible domain of reciprocal lattice—the mini-
mal subset of reciprocal lattice from which the full recip-
rocal lattice can be reproduced by equivalence relation
(Eq. (C9)). The irreducible domain can be thought as
the extension of the irreducible Brillouin zone to infinity,
as shown in Figure 9a. The irreducible domain consists of
high symmetry directions (edges), high symmetry planes
(surfaces), and general points (bulk). Similar with the
irreducible Brillouin zone, any reciprocal vector outside
the irreducible domain can be transformed from a vector
in it by a SG operation. Thus to cover all the nonequiva-
lent eLCs, we need only to enumerate all the acceptable
Miller indices in the irreducible domain. Due to the co-
prime condition of Miller indices, along an edge only the
shortest vector give acceptable Miller indices. While in
a surface or the bulk of the irreducible domain there are
infinite acceptable Miller indices. Here we will prove that
even in the latter case only finite Miller indices around
(000) need to be considered.
We firstly give the proof and algorithm for Miller in-
dices in a surface of the irreducible domain. As shown in
Figure 9b, b˜1 and b˜2 are chosen as the primitive bases in
the surface such that any reciprocal vector in the surface
can be expanded on them with integer coefficients
g = m˜b˜1 + n˜b˜2 (C10)
A layer on the surface (m˜n˜; d) is given by a pair of co-
prime integers m˜, n˜ and a position d. As discussed in
the above two sections, the relevant properties of a layer
includes (i) the little group, (ii) the weak invariants, (iii)
the ONs on inversion centers, C2-rotation (screw) axes,
mirror (glide) planes, and S4 centers, and (iv) the multi-
18
ples of glide-SNs and screw-SNs, i.e,
nt‖
1
2pi
t‖ ·
(
m˜b˜1 + n˜b˜2
)
mod 2 (C11)
where t‖ is the glide or screw vector and nt‖ is the
minimal multiplier that makes t‖ a lattice vector. Now
we prove that, for any integers r and s if m˜ − 4r and
n˜ − 4s are coprime the four relevant properties of the
layer (m˜− 4r, n˜− 4s; d) are identical with the (m˜n˜; d)’s.
Firstly, as we count m˜b˜1 + n˜b˜2 as a general vector in the
Miller surface, the little group should only consist of op-
erations that leave both b˜1 and b˜2 invariant or reverse,
i.e.,
S (m˜n˜; d) = SI (m˜n˜) ∪ SII (m˜n˜; d) (C12)
SI (m˜n˜) =
{
{p|t + R} ∈ G∣∣pb˜1 = b˜1, pb˜2 = b˜2
1
2pi
t ·
(
m˜b˜1 + n˜b˜2
)
= 0 mod 1
}
(C13)
SII (m˜n˜; d) =
{
{p|t + R} ∈ G∣∣pb˜1 = −b˜1, pb˜2 = −b˜2
1
4pi
t ·
(
m˜b˜1 + n˜b˜2
)
= d mod
1
2
}
(C14)
Operation in SI can only be mirror or glide, and operation
in SII can only be inversion, C2-rotation, or C2-screw.
Thus t in Eq. (C13) and (C14) must be either a lattice
vector or half of a lattice vector, which implies
1
2pi
t ·
(
4rb˜1 + 4sb˜2
)
= 0 mod 1 (C15)
1
4pi
t ·
(
4rb˜1 + 4sb˜2
)
= 0 mod
1
2
(C16)
Then it follows that S (m˜n˜; d) = S (m˜− 4r, n˜− 4s; d).
Secondly, as 4r and 4s does not change any parities
of the Miller indices, there must be δw,i=1,2,3 (m˜n˜; d) =
δw,i=1,2,3 (m˜− 4r, n˜− 4s; d). Thirdly, since m˜b˜1 + n˜b˜2 is
a general vector in the Miller surface, the symmetry ele-
ments occupied by (m˜n˜; d) can only be inversion centers,
C2-rotation axes, or C2-screw axes, as given by
E (m˜n˜; d) =
{
{p|t + R} ∈ G∣∣pb˜1 = −b˜1, pb˜2 = −b˜2,
1
4pi
(t + R) ·
(
m˜b˜1 + n˜b˜2
)
= d mod 1
}
(C17)
where t is either a lattice vector or half of a lattice vector.
ONs on these occupied symmetry elements are 1, and
the ONs on all other symmetry elements are 0. Then it
follows that E (m˜n˜; d) = E (m˜− 4r, n˜− 4s; d) due to the
relation
1
4pi
(t + R) ·
(
4rb˜1 + 4sb˜2
)
= 0 mod 1 (C18)
Fourthly, the multiples of glide-SNs or screw-SNs
(Eq. (C11)) of (m˜n˜; d) and (m˜− 4r, n˜− 4s; d) must also
equal to each other for similar reason. In the end, we
show that, for any coprime m˜, n˜ their correspondences
m˜′, n˜′ in the interval [−1, 2] got by m˜′ = m˜ − 4r and
n˜′ = n˜ − 4s must also be coprime. All the possible
non-coprime pairs of m˜′, n˜′ can be (0, 2), (2, 0), (2, 2),
however, if m˜′, n˜′ have the common divisor 2 then m˜, n˜
must also have the common divisor 2, which contradicts
with the presumption. Therefore, the conclusion is that
to generate all nonequivalent eLCs from the Miller in-
dices within a surface of the irreducible domain we need
only to consider the reciprocal vectors m˜b˜1 + n˜b˜2 with
m˜, n˜ = −1, 0, 1, 2, as shown by the dashed green box in
Figure 9b. After removing the parallel vectors, only the
six vectors marked as green in Figure 9b need to be con-
sidered.
The discussion for the general Miller indices in the bulk
of the irreducible domain is much more simple. In this
case the only possible operation in the little group is in-
version and the only possible occupied symmetry element
is inversion center. As we take the convention where
the inversion center is put at the origin, the two layers
(mnl; d) (m− 2r, n− 2s, l − 2t; d) have same little group
and same inversion-ONs. As 2r, 2s, 2t are even num-
bers, they also have same weak invariants, same glide-
SNs, and same screw-SNs (Eq. (C11)). Therefore, in the
bulk of the irreducible domain, we need only to consider
mb1 + nb2 + lb3 with m,n, l = 0, 1.
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Appendix D: Symmetry-based indicators
In Ref. [40, 41], a complete theory of symmetry-based
indicator (SI) has been developped, which in principle
is all we can know about band topology from symmetry
eigenvalues. However, the explicit expressions of these
SI are absent in the original work. Here we give explicit
formulae for all the SI. In the rest of this paper, these
formulae are referred as Fu-Kane-like formulae.
1. Symmetry-based indicators
For a system with given SG, its band representation
(BR) for a group of selected bands (the occupied bands
for example) can be written as an integer vector
BR =
[
n
(
ξK11
)
, n
(
ξK12
)
· · · , n
(
ξK21
)
· · ·
]T
(D1)
where each entry gives the number of a irreducible rep-
resentation (irrep) ξ at a momentum K. On one hand,
all the compatibility relation allowed BRs form a linear
space, whose bases can be written as
{B1, B2 · · ·BD} (D2)
On the other hand, all the BRs that can be gener-
ated from symmetric Wannier functions, i.e., the BRs
of atomic insulators, also form a linear space, with bases
{A1, A2 · · ·AD′} (D3)
By an exhaustive enumeration over 230 SGs, the author
of Ref. [40] find that the dimensions of these two linear
spaces are always same (D = D′) and all Bi can be ex-
panded by {Ai} with integral or fractional coefficients.
Bi with fractional coefficients on {Ai} must be topolog-
ically nontrivial because it mismatches with all possible
atomic BRs. Then the SI of a given BR are defined as
its expansion coefficients on the nontrivial Bi’s. In this
work we call each coefficient as a indicator or a SI, and
the coefficient set as a SI set.
An observation follows, if G, G′ are two SGs and G′ ⊂
G, then we can build a many-to-one mapping from the SI
sets in G to the SI sets in G′ by breaking the additional
symmetries. If this mapping is one to one, i.e., any two
different SI sets in G map to two different SI sets in G′,
we say that the SI sets in G are induced from the SI sets
in G′. After an exhaustive study, we find that the SI in
all SGs can be induced from the following six SGs
#2 (P 1¯), #81 (P 4¯), #83 (P4/m), #174 (P 6¯)
#175 (P6/m), #176 (P63/m)
Therefore, in order for the complete Fu-Kane-like formu-
lae, we need only to derive the Fu-Kane-like formulae for
this six SGs.
2. Five kinds of Fu-Kane-like formulae
P 1¯ formulae. SI of SG #2 (P 1¯) form the group Z2 ×
Z2 × Z2 × Z4. As discussed in Ref. [40], the Z4 and Z2
generators are the strong and weak TIs, respectively. The
Z2 indicators, denoted as z2w,i=1,2,3 in the following, can
be calculated by the Fu-Kane formula. And, by a detailed
analysis on the BR, we find that the Z4 indicator can be
calculated as
z4 =
∑
K∈TRIM
n−K − n+K
2
mod 4 (D4)
Here n−K is the number of occupied odd-parity Kramer
pairs at K, n+K is the number of occupied even-parity
Kramer pairs at K, and K is summed over all the eight
time-reversal invariant momenta (TRIMs). According to
the Fu-Kane criterion, z4 = 1, 3 corresponds to strong TI.
And, according to the discussion in Appendix E, z4 = 2
corresponds to the inversion-protected TCI.
P4/m formulae. SI of SG #83 (P4/m) form the group
Z2×Z4×Z8, whose complete Fu-Kane-like formulae have
been derived in Ref. [47]. Here we only summarize the
main results. The Z2 indicator is the weak TI indicator
z2w,1, which equals to z2w,2 according to the C4 sym-
metry. The Z4 indicator is the mirror Chern number
(modulo 4) of the kz = pi plane and will be denoted as
z4m,pi in the following. And the Z8 indicator is given by
z8 =
[
3n+3
2
− 3n−3
2
− n+1
2
+ n−1
2
]
/2 mod 8 (D5)
where the definitions for n+3
2
, n−3
2
, n+1
2
, n−1
2
are given in
Table I. According to Ref. [47], if z2w,1 = 0 and z4m,pi =
0, odd z8 corresponds to strong TI, z8 = 2, 6 corresponds
to mirror TCI with mirror Chern number 2 (modulo 4) in
the kz = 0 plane, and z8 = 4 corresponds to either mirror
TCI with mirror Chern number 4 (modulo 8) in the kz =
0 plane or TCI with nontrivial C4-rotation invariant.
P 6¯ formulae. SI of SG #174 (P 6¯) form the group
Z3 × Z3. This SG has a horizontal mirror and a verti-
cal C3-rotation. The Z3 indicators are the mirror Chern
numbers (modulo 3) of the kz = 0 and the kz = pi planes.
This two indicators, denoted as z3m,0 and z3m,pi, can be
derived by applying the Chern number formula for C3-
invariant insulator [38] in each mirror eigenvalue sector.
In Table II we give the concrete expressions and their
generalizations in other SGs with C3 and mirror symme-
tries.
P6/m formulae. SI of SG #175 (P6/m) form the
group Z6 × Z12. As this SG has a vertical C6-rotation
symmetry, a horizontal mirror symmetry, and an in-
version symmetry, we can at least calculate two mirror
Chern numbers (modulo 6) in the kz = 0 and kz = pi
planes, denoted as z6m,0 and z6m,pi, by applying the
Chern number formula [38] in each mirror eigenvalue sec-
tor, and a z4 indicator, as tabulated in Table II. It seems
that the SI group should be Z6 × Z6 × Z4. However, the
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Lattice SGs n Definitions for n+3
2
, n−3
2
, n+1
2
, n−1
2
Tetragonal
primitive
83 (123, 124,
127, 128)a
n+1
2
n(EΓ1
2
g
) + n(EM1
2
g
) + n(EZ1
2
g
) + n(EA1
2
g
) + n(EX1
2
g
) + n(ER1
2
g
)
n−1
2
n(EΓ1
2
u
) + n(EM1
2
u
) + n(EZ1
2
u
) + n(EA1
2
u
) + n(EX1
2
u
) + n(ER1
2
u
)
n+3
2
n(EΓ3
2
g
) + n(EM3
2
g
) + n(EZ3
2
g
) + n(EA3
2
g
) + n(EX1
2
g
) + n(ER1
2
g
)
n−3
2
n(EΓ3
2
u
) + n(EM3
2
u
) + n(EZ3
2
u
) + n(EA3
2
u
) + n(EX1
2
u
) + n(ER1
2
u
)
Tetragonal
body-centred
87 (139, 140)a
n+1
2
n(EΓ1
2
g
) + n(EM1
2
g
) + n(EX1
2
g
) + 2n(EN1
2
g
) + n(EP1
2
)b
n−1
2
n(EΓ1
2
u
) + n(EM1
2
u
) + n(EX1
2
u
) + 2n(EN1
2
u
) + n(EP3
2
)
n+3
2
n(EΓ3
2
g
) + n(EM3
2
g
) + n(EX1
2
g
) + 2n(EN1
2
g
) + n(EP3
2
)
n−3
2
n(EΓ3
2
u
) + n(EM3
2
u
) + n(EX1
2
u
) + 2n(EN1
2
u
) + n(EP1
2
)
Cubic
primitive
221
n+1
2
n(EΓ1
2
g
) + n(FΓ3
2
g
) + n(ER1
2
g
) + n(FR3
2
g
) + 2n(EM1
2
g
) + n(EM3
2
g
) + 2n(EX1
2
g
) + n(EX3
2
g
)
n−1
2
n(EΓ1
2
u
) + n(FΓ3
2
u
) + n(ER1
2
u
) + n(FR3
2
u
) + 2n(EM1
2
u
) + n(EM3
2
u
) + 2n(EX1
2
u
) + n(EX3
2
u
)
n+3
2
n(FΓ3
2
g
) + n(EΓ5
2
g
) + n(FR3
2
g
) + n(ER5
2
g
) + 2n(EM3
2
g
) + n(EM1
2
g
) + 2n(EX3
2
g
) + n(EX1
2
g
)
n−3
2
n(FΓ3
2
u
) + n(EΓ5
2
u
) + n(FR3
2
u
) + n(ER5
2
u
) + 2n(EM3
2
u
) + n(EM1
2
u
) + 2n(EX3
2
u
) + n(EX1
2
u
)
Cubic
face-centred
225
n+1
2
n(EΓ1
2
g
) + n(FΓ3
2
g
) + 2n(EX1
2
g
) + n(EX3
2
g
) + 2n(EL1
2
g
) + 2n(EL3
2
g
) + n(EW1
2
)
n−1
2
n(EΓ1
2
u
) + n(FΓ3
2
u
) + 2n(EX1
2
u
) + n(EX3
2
u
) + 2n(EL1
2
u
) + 2n(EL3
2
u
) + n(EW3
2
)
n+3
2
n(FΓ3
2
g
) + n(EΓ5
2
g
) + 2n(EX3
2
g
) + n(EX1
2
g
) + 2n(EL1
2
g
) + 2n(EL3
2
g
) + n(EW3
2
)
n−3
2
n(FΓ3
2
u
) + n(EΓ5
2
u
) + 2n(EX3
2
u
) + n(EX1
2
u
) + 2n(EL1
2
u
) + 2n(EL3
2
u
) + n(EW1
2
)
226
n+1
2
n(EΓ1
2
g
) + n(FΓ3
2
g
) + n(EX3
2
g
) + n(EX1
2
u
) + n(EX3
2
u
)
n−1
2
n(EΓ1
2
u
) + n(FΓ3
2
u
) + n(EX3
2
u
) + n(EX1
2
g
) + n(EX3
2
g
)
n+3
2
n(FΓ3
2
g
) + n(EΓ5
2
g
) + n(EX1
2
g
) + n(EX1
2
u
) + n(EX3
2
u
)
n−3
2
n(FΓ3
2
u
) + n(EΓ5
2
u
) + n(EX1
2
u
) + n(EX1
2
g
) + n(EX3
2
g
)
Cubic
body-centred
229
n+1
2
n(EΓ1
2
g
) + n(FΓ3
2
g
) + n(EH1
2
g
) + n(FH3
2
g
) + 3n(EN1
2
g
) + n(EP1
2
) + n(FP3
2
)
n−1
2
n(EΓ1
2
u
) + n(FΓ3
2
u
) + n(EH1
2
u
) + n(FH3
2
u
) + 3n(EN1
2
u
) + n(FP3
2
) + n(EP5
2
)
n+3
2
n(FΓ3
2
g
) + n(EΓ5
2
g
) + n(FH3
2
g
) + n(EH5
2
g
) + 3n(EN1
2
g
) + n(FP3
2
) + n(EP5
2
)
n−3
2
n(FΓ3
2
u
) + n(EΓ5
2
u
) + n(FH3
2
u
) + n(EH5
2
u
) + 3n(EN1
2
u
) + n(EP1
2
) + n(FP3
2
)
a The equations here are derived for SG #83 (#87) but also applicable to the SGs in the bracket, which are supergroups of SG #83
(#87). To apply these equations for these supergroups, one should omit the additional symmetries and count them as SG #83 (#87).
b In SG #87, the little group at N is Ci and the irrep notations in Ref. [57] is A 1
2
g and A 1
2
u, both of which are one dimensional.
However, due to the Kramer’s theorem, the irreps at N should be double degenerate, thus we adopt the two dimensional notations
E 1
2
g and E 1
2
u.
TABLE I. The concrete expressions for n+3
2
, n−3
2
, n+1
2
, n−1
2
in the z8 Fu-Kane-like formulae in all applicable SGs. The notations
of high symmetry momenta follow the standard convention [58], and the notations of point group irreps follow Ref. [57].
three indicators are not independent—z6m,0 + z6m,pi and
z4 must have same parity because odd values of both in-
dicate a strong TI, leading to the Z6×Z12 group. Choos-
ing proper BR bases, we find that the Z6 generator cor-
responds to z6m,0 = 5, z6m,pi = 1, z4 = 0, and the Z12
generator corresponds to z6m,0 = 1, z6m,pi = 0, z4 = 1. In
this convention, the relations between the Z6, Z12 indi-
cators, denoted as z6 and z12 respectively, and the z6m,0,
z6m,pi, z4 indicators can be derived as
z6m,0 = −z6 + z12 mod 6 (D6)
z6m,pi = z6 mod 6 (D7)
z4 = z12 mod 4 (D8)
Therefore, the z6 indicator is directly given by z6m,pi,
and the z12 indicator is determined by the following two
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equations
z12 mod 6 = z6m,0 + z6m,pi (D9)
z12 mod 4 = z4 (D10)
which is equivalent to
z12 =
{
z¯6m + 3
[
(z¯6m − z4) mod 4
]}
mod 12 (D11)
where
z¯6m = z6m,0 + z6m,pi mod 6 (D12)
P63/m formulae. SI of SG #176 (P63/m) form the
group Z12. Due to the horizontal mirror symmetry a mir-
ror Chern number for the kz = 0 plane can be defined,
and, its value (modulo 6) can be calculated from symme-
try eigenvalues at high symmetry momenta in the kz = 0
plane, where the C6-screw is equivalent with C6-rotation,
by applying the Chern number formula for C6-invariant
insulator [38] (The mirror Chern number for kz = pi plane
always, however, equals to zero due to the C6-screw sym-
metry.) Here we denote this the mirror Chern number
(modulo 6) as indicator z6m,0. On the other hand, due to
the inversion symmetry the z4 indicator can be also de-
fined. Similar with indicators in SG P6/m, z6m,0 and z4
have same parity, leading to the SI group Z12. Therefore,
the Z12 indicator can be calculated as
z′12 = {z6m,0 + 3 [(z6m,0 − z4) mod 4]} mod 12
(D13)
Here we use the prime notation to distinguish it from the
Z12 indicator in SG P6/m (Eq. (D11)).
3. The S4 Fu-Kane-like formula
The SI of SG #81 (P 4¯) form the group Z2, and we find
that the Z2 indicator can be calculated as
z2 =
∑
K
n
3
2
K − n
1
2
K
2
mod 2 (D14)
where K is summed over all the four S4-invariant TRIMs,
n
3
2
K is the number of Kramer pairs at K with tr [D (S4)] =
−√2, n 12K is the number of Kramer pairs at K with
tr [D (S4)] =
√
2, and D (S4) is the S4 representation
matrix on the corresponding Kramer pair.
The S4 indicator z2 has nothing to do with the S4-
invariant δS4 defined in Appendix A. By the models fol-
lowing, we find that z2 = 1 corresponds to a strong TI or
a Weyl semimetal. Since for z2 = 1 there are two topo-
logically distinct phases, i.e., δS4 = 0 and δS4 = 1 phases,
we conjecture that the Weyl semimetal phase is the in-
termediate state between them. Correspondingly, z2 = 0
corresponds to an insulator with δt = 0 and δS4 = 0 or
1, or a Weyl semimetal.
b2’
2
3
4
1
a
(√m,0,-�/2)
(√m,0,�/2)
C2 axis
S4 center
+1 WP
m→0
 -1 WP
3’
4’
1’
FIG. 10. The S4 Weyl semimetal. In a we plot the eight Weyl
points in model Eq. (D17), where the red circles represent +1-
charge Weyl points and the blue circles represent -1-charge
Weyl points. The Weyl points labeled with 1, 2, 3, 4 transform
to each other in turn under the S4 operation, and transform to
the Weyl points labeled with 1’, 2’, 3’, 4’ respectively under
the time reversal. In b, we plot the motion of these Weyl
points as m approaches zero. When m = 0 four Weyl points
merge to a double Dirac point.
Strong TI. Consider the model
Hˆ(k) =
[
∆−
∑
i
cos ki
]
τzσ0 +
∑
i
sin kiτxσi (D15)
where τx,y,z and σx,y,z are Pauli matrices, and σ0 is two
by two identity matrix, the bases is set as | 12 〉, | 1¯2 〉, | 32 〉,
| 3¯2 〉, i.e., the bases of E 12 and E 32 irreps. This model has
rotoreflection symmetry Sˆ4 = τze
ipi4 σz and time-reversal
symmetry Tˆ = −iσyK. On one hand, the z2 indicator
can be calculated as: 1 for 1 < |∆| < 3 and 0 for |∆| < 1
or |∆| > 3. On the other hand, according to Ref. [59],
this model is indeed a strong TI when 1 < |∆| < 3.
Therefore, in this model z2 = 1 corresponds to strong
TI.
Now, by the k·p analysis below, we argue that this cor-
respondence is universal. We assume ∆ = 3 +m and ex-
pand the model around (000) to linear terms in k. Then
a Dirac Hamiltonian with mass m can be got as
H(k) ≈ mτzσ0 +
∑
i
kiτxσi (D16)
It should be noticed that, although this k·p model is de-
rived from the above tight binding model, it is the univer-
sal Hamiltonian around the phase transition point from
strong TI to trivial insulator [60]. On one hand, the topo-
logical phase transition is given by the change of sgn(m).
On the other hand, the change of sgn(m) must lead to
a change of z2 due to the following reason. If the model
is S4 invariant, the S4 operator has to be Sˆ4 = τzσ
ipi4 σz
(up to a ±1 sign), thus the change of sgn(m) inverts
the E 1
2
and E 3
2
irreps at (000), leading to a change of
z2. Therefore, the topological phase transition is always
accompanied by the change of z2 indicator, and the cor-
respondence between z2 = 1 and strong TI should be
universal.
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Indicator SGs Formula
z2w,j=1,2,3 All SGs with inversion
∑′
K n
−
K mod 2
a
z4 All SGs with inversion
∑
K∈TRIM
1
2
n−K − 12n+K mod 4
z2 All SGs with S4
∑
K
1
2
n
3
2
K − 12n
1
2
K mod 2
b
z4m,pi
83 (123, 127)c
3
2
n(EZ3
2
g
)− 3
2
n(EZ3
2
u
)− 1
2
n(EZ1
2
g
) + 1
2
n(EZ1
2
u
) + 3
2
n(EA3
2
g
)− 3
2
n(EA3
2
u
)
− 1
2
n(EA1
2
g
) + 1
2
n(EA1
2
u
) + n(ER1
2
g
)− n(ER1
2
u
) mod 4
221
3
2
n(EX3
2
g
)− 3
2
n(EX3
2
u
)− 1
2
n(EX1
2
g
) + 1
2
n(EX1
2
u
)
+ 3
2
n(ER5
2
g
)− 3
2
n(ER5
2
u
) + n(FR3
2
g
)− n(FR3
2
u
)− 1
2
n(ER1
2
g
) + 1
2
n(ER1
2
u
)
+n(EM1
2
g
) + n(EM3
2
g
)− n(EM1
2
u
)− n(EM3
2
u
) mod 4
z8 83, 87, 123, 124, 127, 128, 139,
140, 221, 225, 226, 229
3
2
n+3
2
− 3
2
n−3
2
− 1
2
n+1
2
+ 1
2
n−1
2
mod 8 d
z3m,0 174 (187, 188, 189, 190)
c
− 1
2
n(1EK1
2
) + 3
2
n(1EK3
2
) + 1
2
n(1EK5
2
)− 1
2
n(2EK1
2
) + 3
2
n(2EK3
2
) + 1
2
n(2EK5
2
)
+n(EΓ1
2
)− n(EΓ5
2
) mod 3
z3m,pi 174 (187, 189)
c
− 1
2
n(1EH1
2
) + 3
2
n(1EH3
2
) + 1
2
n(1EH5
2
)− 1
2
n(2EH1
2
) + 3
2
n(2EH3
2
) + 1
2
n(2EH5
2
)
+n(EA1
2
)− n(EA5
2
) mod 3
z6m,0 175 (191, 192), 176 (193, 194)
c
3
2
n(EΓ3
2
g
)− 5
2
n(EΓ5
2
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n(EΓ1
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2
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2
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2
n(EM1
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2
n(EA3
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2
n(EA5
2
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2
n(EA1
2
g
)− 3
2
n(EA3
2
u
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2
n(EA5
2
u
) + 1
2
n(EA1
2
u
)
+3n(EH3
2
)− 5n(EH5
2
)− n(EH1
2
) + 3
2
n(EL1
2
g
)− 3
2
n(EL1
2
u
) mod 6
z12 175, 191, 192
{
z¯6m + 3
[
(z¯6m − z4) mod 4
]}
mod 12 e
z′12 176, 193, 194
{
z6m,0 + 3
[
(z6m,0 − z4) mod 4
]}
mod 12
a K is summed over the four TRIMs with kj = pi.
b K is summed over the four S4 invariant TRIMs, n
1
2
K is the number of Kramer pairs at K with tr [D (S4)] =
√
2, n
3
2
K is the number of
Kramer pairs at K with tr [D (S4)] = −
√
2, and D(S4) is the representation matrix on the corresponding Kramer pair.
c The equation is derived for the SG in front of the bracket but also applicable to the SGs in the bracket, which are supergroups of the
SG in front of the bracket. To apply the equation for these supergroups, one should omit the additional symmetries and count them as
the corresponding subgroup.
d The concrete definitions for n+3
2
, n−3
2
, n+1
2
, and n−1
2
is given in Table I.
e Here z¯6m = z6m,0 + z6m,pi mod 6
TABLE II. Fu-Kane-like formulae for all SI. The indicators whose odd values correspond to strong TI are printed in red. The
notations of high symmetry momenta follow the standard convention [58], and the notations of point group irreps follow Ref.
[57].
Weyl semimetal with z2 = 1. Consider the model
Hˆ (k) =
(
2−
∑
i
cos ki
)
τzσ0 +m sin kzτxσz
+ (cos kx − cos ky) τxσ0 + sin kx sin kyτyσz (D17)
This Hamiltonian has time-reversal symmetry Tˆ = −iσy
and rotoreflection symmetry Sˆ4 = τze
ipi4 σz , and the oc-
cupied states at the four S4-invariant TRIMs give z2 = 1
(at half-filling). Expand this model around
(
00pi2
)
for the
spin up (σz = 1) and spin down (σz = −1) components
respectively, we get
Hˆ↑(k) ≈ δkzτz +
(
k2y − k2x +m
)
τx + kxkyτy (D18)
and
Hˆ↓(k) ≈ δkzτz +
(
k2y − k2x −m
)
τx − kxkyτy (D19)
where δkz = kz− pi2 . Two +1-change Weyl points and two
-1-change Weyl points are found to locate at
(±√m, 0, pi2 )
and
(
0,±√m, pi2
)
, respectively. (Here we assume m is a
positive small quantity.) Similarly, by expanding this
model around
(
0, 0,−pi2
)
, we get two other +1-change
Weyl points at
(±√m, 0,−pi2 ) and two other -1-change
Weyl points at
(
0,±√m,−pi2
)
. The eight Weyl points at
generic momenta form the minimal configuration satis-
fying both time-reversal and S4 symmetries, as shown in
Figure 10a.
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SI set SI group SGs
z2w,1 z2w,2 z2w,3 z4
Z2 × Z2 × Z2 × Z4 2, 10, 47
Z2 × Z2 × Z4 11, 12, 13, 49, 51, 65, 67, 69
Z2 × Z4 14, 15, 48, 50, 53, 54, 55, 57, 59, 63, 64, 66, 68, 71, 72,
73, 74, 84, 85, 86, 125, 129, 131, 132, 134, 147, 148, 162,
164, 166, 200, 201, 204, 206, 224
Z4 52, 56, 58, 60, 61, 62, 70, 88, 126, 130, 133, 135, 136,
137, 138, 141, 142, 163, 165, 167, 202, 203, 205, 222,
223, 227, 228, 230
z2 Z2 81, 82, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120,
121, 122, 215, 216, 217, 218, 219, 220
z2w,1 z4m,pi z8 Z2 × Z4 × Z8 83, 123
z2w,1 z8 Z2 × Z8 87, 124, 139, 140, 229
z4m,pi z8 Z4 × Z8 127, 221
z8 Z8 128, 225, 226
z3m,0 z3m,pi Z3 × Z3 174, 187, 189
z3m,0 Z3 188, 190
z6m,pi z12 Z6 × Z12 175, 191
z12 Z12 192
z′12 Z12 176, 193, 194
TABLE III. SI in all SGs. The indicators whose odd values correspond to strong TI are printed in red.
Without a band inversion at S4-invariant TRIMs, there
is no way to annihilate these Weyl points. For example,
as shown in Figure 10b, by tuning m to zero the two +1-
charge Weyl points and the two -1-charge Weyl points at
the kz =
pi
2 plane will merge at
(
00pi2
)
but can not annihi-
late each other. Instead, they form a double Dirac point,
which is protected by the S4 and time-reversal symme-
tries. (The terms anti-commuting with the τzσ0, τxσ0,
and σyσz terms in Eq. (D17) can only be τyσx and τyσy.
The corresponding coefficients, denoted as I(k) and J(k)
respectively, should satisfy I(k) = I(−k), J(k) = J(−k),
I(−ky, kx,−kz) = −J(k), J(S4k) = I(k) and vanish at
the Dirac points.) To annihilate the two double Dirac
points at (0, 0,±pi/2), one need to move them to Γ, which
causes a band inversion. In this particular model the
band inversion causes a change of z2, however, in gen-
eral case it does not. For instance, here we consider a
product state consisting of a Weyl semimetal model with
z2 = 1 and two strong TI models. The z2 indicator of
this product state is given by z2 = 1 + 1 + 1 mod 2 = 1.
Then the process annihilating the Weyl points without
changing z2 can be constructed as: (i) move the eight
Weyl points to (000) to cause a band inversion, (ii) at
the same time close and reopen the gap of one of the
two TI models. After this process, all the Weyl points
are gapped and the z2 indicator remains unchanged, i.e.
z2 = 0 + 0 + 1 = 1.
It should be emphasized that in all the other non-
centrosymmetric SGs with nontrivial SI groups, i.e.,
#174 and #187-190, Weyl points can be annihilated
without band inversion at high symmetry momentum. In
all these five SGs kz = 0-plane is mirror-invariant, and
Weyl points at generic momenta should constitute sym-
metric pairs about the mirror, where each pair consists of
two Weyl points with opposite charges. Therefore, each
pair of Weyl points can move toward each other until
they annihilate each other at the kz = 0-plane. To be
specific, let us assume the k·p model of a pair of Weyl
points moved to the kz = 0-plane as
Hˆ(δk) =
∑
i
δkiτzσi (D20)
where δk = k−kc and kc is the position of the two Weyl
points. The mirror operator can be chosen as mˆz =
iτxσz. Apparently, the mass term mτx is symmetry-
allowed. Thus the Weyl points can pairwise annihilate
at generic point in the kz = 0 plane without any level
crossing at high symmetry momentum.
4. Convention dependence of z4, z8, z12, z
′
12
indicator
In the text we have discussed that by redefining Pˆ →
−Pˆ z4 = 1, 3 turn into each other, and without external
reference z4 = 1, 3 should be physically identical. Such
a convention dependence also exists for the z8, z12, and
z′12 indicator (Table II).
For the z8 indicator, according to Table I, redefining
Pˆ → −Pˆ interchanges n+3
2/
1
2
and n−3
2/
1
2
, and redefining
Cˆ4 → −Cˆ4 interchanges n+/−3
2
and n
+/−
1
2
. Substitute this
relation into Eq. (D5), we find that there are only four
kinds of physically distinct cases: (i) z8 = 0, (ii) z8 =
1, 3, 5, 7 corresponding to the strong TI, (iii) z8 = 2, 6,
and (iv) z8 = 4.
The z12 indicator is completely determined by the mir-
ror Chern number indicator z6m,0, z6m,pi and the z4 in-
dicator, wherein z4 = 1, 3 turn into each other when re-
defining Pˆ → −Pˆ , and z6m,0/pi = 1, 5 turn into each
other when redefining Cˆ6 → −Cˆ6. Substitute this into
24
Eq. (D11) we conclude that there are only six kinds of
physically distinct cases: (i) z12 = 0, (ii) z12 = 1, 5, 7, 11,
(iii) z12 = 2, 10, (iv) z12 = 3, 9, (v) z12 = 4, 8, and (vi)
z12 = 6, wherein (ii) and (iv) correspond to strong TI.
The difference between (ii) and (iv) is the magnitude of
mirror Chern numbers: in (ii) Cm,0+Cm,pi = ±1 (modulo
6), while in (iv) Cm,0 + Cm,pi = 3 (modulo 6).
The discussion for the z′12 indicator is similar with
the discussion for the z12 indicator. And the conclu-
sion is same—there are only six kinds of physically dis-
tinct cases, i.e., (i) z′12 = 0, (ii) z
′
12 = 1, 5, 7, 11, (iii)
z′12 = 2, 10, (iv) z
′
12 = 3, 9, (v) z
′
12 = 4, 8, and (vi)
z′12 = 6, wherein (ii) and (iv) corresponds to strong TI.
And, the difference between (ii) and (iv) is also the mag-
nitude of mirror Chern numbers: in (ii) Cm,0 = ±1 (mod-
ulo 6), while in (iv) Cm,0 = 3 (modulo 6).
5. Fu-Kane-like formulae for all symmetry-based
indicators
To summarize, we tabulate all the Fu-Kane-like formu-
lae in Table II and their relation with SI groups in Ta-
ble III. Two comments are made here. The first is that, in
the second to fourth rows of Table III, the Fu-Kane-like
formulae seem to “mismatch” with the SI groups. This
is simply because some weak indicators are trivialized by
some SG operations. For example, the SI group of SG
#11 (P21/m) is Z2×Z2×Z4 instead of Z2×Z2×Z2×Z4
because the C2-screw axis (along a2) enforce the four
TRIMs at k2 = pi to have same parities and so enforce
z2w,2 = 0. Thus, there should be no worry about this
“mismatch”. The second is that, the SI itself can not
tell us whether a state is fully gapped. Therefore, to
apply the Fu-Kane-like formulae one should firstly check
whether the band is fully gapped.
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Appendix E: Symmetry-based indicator of layer
construction
In Appendices A to C, we developped systematic meth-
ods to (i) diagnose the TCI invariants of an eLC accord-
ing to its geometry configuration and (ii) enumerate all
nonequivalent eLCs. With all the nonequivalent eLCs at
hand it is direct to enumerate all the TCI states consis-
tent with LCs by stacking the eLCs together. On the
other hand, if the SI of eLCs can be calculated then the
SI of all these TCI states can also be calculated due to
the additive property of SI. In other words, we can use
eLC as intermedia to complete the mapping from SI to
TCI invariants. However, the inputs of Fu-Kane-like for-
mulae derived in Appendix D are the numbers of irreps
at high symmetry momenta, which are not explicit for
eLC. Therefore, to finish the mapping in this appendix
we give the method to calculate the SI of eLCs.
Firstly, one should notice that the SI can be uniquely
determined from a complete set of topological invari-
ants, because by definition two different SI corresponds
to two different topologies. Here we take the assump-
tion that the the seven kinds of invariants introduced in
Appendix A are complete for LC states. Therefore the
SI of a LC is uniquely determined by these invariants.
Secondly, as shown in Appendix D SI in all SGs can be
induced from only six SGs, thus to calculate the SI of an
eLC E in any SG G we can (i) reduce G to one of the six
SGs, say G′, (ii) calculate the topological invariants of E
in G′, and (iii) calculate the SI in G′ due to the invariants.
Therefore, we need only to derive the SI of eLCs in these
six SGs.
1. P 1¯
According to the discussion in Appendix A, the TCI
invariants of SG #2 (P 1¯) should include three weak in-
variants δw,i=1,2,3 and an inversion invariant δi, which
is defined on the inversion center at the origin (see Ap-
pendix G for the convention). There are only four in-
dependent eLCs—E1 = eLC (100; 0), E2 = eLC (010; 0),
E3 = eLC (001; 0), E4 = eLC
(
001; 12
)
, whose invariants
are
{δw,i=1,2,3, δi} (E1) = {100, 1} (E1)
{δw,i=1,2,3, δi} (E2) = {010, 1} (E2)
{δw,i=1,2,3, δi} (E3) = {001, 1} (E3)
{δw,i=1,2,3, δi} (E4) = {001, 0} (E4)
as shown in Figure 11a and tabulated in Table V. The
SI set includes three weak TI indicators z2w,i=1,2,3 and
one Z4 indicator z4, where z2w,i=1,2,3 equals to δw,i=1,2,3
inversion center
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FIG. 11. a are the band representations of the four indepen-
dent eLCs in SG P 1¯, and b are the band representations of
the four independent eLCs in SG P4/m. In the top panel of
each, we plot the symmetry elements and the real space eLCs,
in the bottom panel of each, we plot the irreducible Brillouin
zone and the irreps of the corresponding eLCs.
according to the Fu-Kane criterion. To calculate the z4
indicator, let us assume that the 2D TI in E3 (Figure
11a) gives the BR
EΓ1
2 u
EX1
2 g
EY1
2 g
EV1
2 g
(E5)
in the kz = 0 plane. Taking this 2D TI as building
block, we get the 3D BRs for the four eLCs, as shown
in Figure 11a. It should be noticed that, for E4, the
k3 = pi states have opposite parities with k3 = 0 states;
while for E1,2,3, the k1,2,3 = pi states have same parities
with k1,2,3 = 0 states. (Analysis on parities resembles
the analysis on mirror eigenvalues, as discussed in Ap-
pendix A and sketched in Figure 8a.) Substitute these
BRs into Table II, we get
{z2w,i=1,2,3, z4} (E1) = {100, 2} (E6)
{z2w,i=1,2,3, z4} (E2) = {010, 2} (E7)
{z2w,i=1,2,3, z4} (E3) = {001, 2} (E8)
{z2w,i=1,2,3, z4} (E4) = {001, 0} (E9)
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2. P4/m
The invariants in SG #83 (P4/m) include three weak
invariants δw,i=1,2,3, two mirror Chern numbers Cm,0/pi,
a C4-rotation invariant δr, an inversion invariant δi, and
a S4 invariant δS4 . The independent eLCs are E1 =
eLC (001; 0), E2 = eLC
(
001; 12
)
, E3 = (100; 0), E4 =(
100; 12
)
, and their invariants are
{δw,i=1,2,3, Cm,k=0,pi, δr, δi, δS4} (E1)
= {001, 11, 0, 1, 1} (E10)
{δw,i=1,2,3, Cm,k=0,pi, δr, δi, δS4} (E2)
= {001, 11¯, 0, 0, 0} (E11)
{δw,i=1,2,3, Cm,k=0,pi, δr, δi, δS4} (E3)
= {110, 00, 1, 0, 1} (E12)
{δw,i=1,2,3, Cm,k=0,pi, δr, δi, δS4} (E4)
= {110, 00, 0, 0, 0} (E13)
, as shown in Figure 11b. We assume the 2D TI in E1
has the BR
EΓ1
2 u
EX1
2 g
EM1
2 g
(E14)
in the k3 = 0 plane, using which as building Blocks we
can derive the BRs of E2, E3, E4. In E1 the k3 = pi
states have same parities with k3 = 0 states; while in
E2 the k3 = pi states have opposite parities with the
k3 = 0 states. In E3 and E4, the parities at TRIMs
can be derived in a similar way, and the irreps at C4-
invariant TRIMs must consist of a pair of E 1
2 ,g/u
and
E 3
2 ,g/u
because the C4 operation transforms a layer to
another such that the C4 representation matrix must be
traceless. The BRs of the four eLCs are summarized in
Figure 11b, substitute which into equations in Table II
we get
{z2w,1, z4m,pi, z8} (E1) = {0, 1, 2} (E15)
{z2w,1, z4m,pi, z8} (E2) = {0, 3, 0} (E16)
{z2w,1, z4m,pi, z8} (E3) = {1, 0, 4} (E17)
{z2w,1, z4m,pi, z8} (E4) = {1, 0, 0} (E18)
Eq. (E10) to Eq. (E18) are consistent with the results in
Ref. [47].
3. P 6¯
SG #174 (P 6¯) has five invariants, i.e., three weak
invariants δw,i=1,2,3 and two mirror Chern numbers
Cm,kz=0,pi. And, the two independent eLCs E1 =
eLC (001; 0), E2 = eLC
(
001; 12
)
correspond to
{δw,i=1,2,3, Cm,k=0,pi} (E1) = {001, 11} (E19)
{δw,i=1,2,3, Cm,k=0,pi} (E2) = {001, 11¯} (E20)
Correspondingly, the SI (Chern number modulo 3) can
be directly got as
{z3m,k=0,pi} (E1) = {11} (E21)
{z3m,k=0,pi} (E2) = {12} (E22)
4. P6/m
SG #175 (P6/m) has eight TCI invariants, i.e., three
weak invariants δw,i=1,2,3, two mirror Chern numbers
Cm,k=0,pi, a C6-rotation invariant δr, and an inversion
invariant δi And, the three independent eLCs E1 =
eLC (001; 0), E2 = eLC
(
001; 12
)
, E3 = eLC (100; 0) cor-
respond to
{δw,i=1,2,3, Cm,k=0,pi, δr, δi} (E1)
= {001, 11, 0, 1} (E23)
{δw,i=1,2,3, Cm,k=0,pi, δr, δi} (E2)
= {001, 11¯, 0, 0} (E24)
{δw,i=1,2,3, Cm,k=0,pi, δr, δi} (E3)
= {000, 00, 1, 1} (E25)
According to Appendix D, SG P6/m has the SI
set {z6m,pi, z12}. The z6m,pi indicator can be got as
Cm,k=pi mod 6, and the z12 indicator can be de-
termined from z6m,k=0 + z6m,k=pi and z4 (Table II),
wherein z6m,k=0 +z6m,k=pi can be calculated as Cm,k=0 +
Cm,k=pi mod 6 and the z4 indicator can be calculated by
group reduction to P 1¯. We get
{z6m,pi, z12} (E1) = {1, 2} (E26)
{z6m,pi, z12} (E2) = {5, 0} (E27)
{z6m,pi, z12} (E3) = {0, 6} (E28)
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5. P63/m
The invariants in SG #176 (P63/m) include three
weak invariants δw,i=1,2,3, two mirror Chern numbers
Cm,k=0,pi, an inversion invariant δi, and a C6-screw in-
variant δs. There are two independent eLCs, E1 =
eLC (001; 0), E2 = eLC
(
001; 14
)
, whose invariants are
{δw,i=1,2,3, Cm,k=0,pi, δi, δs} (E1)
= {000, 00, 1, 1} (E29)
{δw,i=1,2,3, Cm,k=0,pi, δi, δs} (E2)
= {000, 20, 0, 1} (E30)
Similar with SG #175 (P6/m), their SI can be calculated
as
z′12(E1) = 6, z
′
12(E2) = 8 (E31)
6. P 4¯
z2 = 1 corresponds to strong TI or Weyl semimetal,
neither of which can be realized by layer construction.
Thus all the eLCs in SG P 4¯ have a trivial indicator.
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Appendix F: Weak topological insulators beyond
layer constructions
Using the layer construction method introduced above
we success to obtain all the SI in all SGs except five
(and only five) corner cases, where we find that the
compatibility-relation allowed weak TIs can not be real-
ized in any LC. These corner cases are SGs #48 (Pnnn),
#86 (P42/n), #134 (P42/nnm), #201 (Pn3¯), and #224
(Pn3¯m), all of which are centrosymmetric and have the
SI group Z2×Z4. The Z4 indicator is z4 and the Z2 indi-
cator is the weak TI indicator z2w,1, which equals to the
other two weak TI indicators, i.e., z2w,1 = z2w,2 = z2w,3,
due to the compatibility relation.
In this appendix, we will construct a tight-binding
model for the weak TI in SG Pn3¯m. Since all the other
four SGs are subgroups of Pn3¯m and the correspond-
ing symmetry breaking from Pn3¯m does not expand the
cells, the weak TI models in the other four SGs can be got
from this model by a slight breaking of additional crys-
talline symmetries. Therefore, by this model we show
that (i) compatibility-relation allowed weak TIs in these
SGs can indeed be realized in tight-binding models and
(ii) these weak TIs are beyond the scope of layer con-
struction.
Now let us construct the model. Pn3¯m has a primi-
tive cubic lattice, and its SG generators include inver-
sion P = {−1|000}, glide n = {m001| 12 120}, rotation
C3 = {3111|000}, and mirror m = {m11¯0|000} [61]. Here
we consider the Wyckoff position 2a, which include two
positions ( 14
1
4
1
4 ) and (
1¯
4
1¯
4
1¯
4 ) and has the site-symmetry
group Td. We choose the bases of E 1
2
and E 5
2
irreps on
2a as the tight-binding model bases. Then the SG oper-
ator on Bloch bases can be derived as
Pˆ = µ0τxσ0 (F1)
nˆ = −ie−i kx+ky2 µ0
[
cos
kx + ky
2
− sin kx + ky
2
]
σz (F2)
Cˆ3 =
1
2
µ0τ0[σ0 − iσx − iσy − iσz] (F3)
mˆ =
1√
2
µzτ0[−iσx + iσy] (F4)
where µi, τi, σi are pauli matrices representing the E 1
2
and E 5
2
irreps, the ( 14
1
4
1
4 ) and (
1¯
4
1¯
4
1¯
4 ) positions, and the
two bases in each irrep, respectively. The Bloch bases are
defined as a Fourier transformation of the orbitals on 2a
|φαk〉 = 1√
N
∑
R
eik·R|aαR〉 (F5)
where |aαR〉 is the α-th orbital in the lattice R, and α is
a composite index consisting of irreps, sites, and bases of
irreps. The equation for tight-binding model is given by
gˆHˆ(k)gˆ−1 = Hˆ(gk) (F6)
Substitute Eq. (F1) to (F4) to it, we get a solution as
H(k) = ∆µzτ0σ0 + fx(k)µ0τxσ0 + fy(k)µ0τyσ0 + f
z
x(k)µyτxσz + f
z
y (k)µyτyσz + f
x
x (k)µyτxσx + f
x
y (k)µyτyσx
+ fyx (k)µyτxσy + f
y
y (k)µyτyσy (F7)
where
fx(k) = t1 cos
(
kx + ky + kz
2
)
cos
kx
2
cos
ky
2
cos
kz
2
+ t2 sin
(
kx + ky + kz
2
)
sin
kx
2
sin
ky
2
sin
kz
2
(F8)
fy(k) = −t1 sin
(
kx + ky + kz
2
)
cos
kx
2
cos
ky
2
cos
kz
2
+ t2 cos
(
kx + ky + kz
2
)
sin
kx
2
sin
ky
2
sin
kz
2
(F9)
fzx(k) = λ1 cos
(
kx + ky + kz
2
)
sin
kx
2
sin
ky
2
cos
kz
2
+ λ2 sin
(
kx + ky + kz
2
)
cos
kx
2
cos
ky
2
sin
kz
2
(F10)
fzy (k) = −λ1 sin
(
kx + ky + kz
2
)
sin
kx
2
sin
ky
2
cos
kz
2
+ λ2 cos
(
kx + ky + kz
2
)
cos
kx
2
cos
ky
2
sin
kz
2
(F11)
and
fxx/y(kxkykz) = f
z
x/y(kykzkx) f
y
x/y(kxkykz) = f
z
x/y(kzkxky) (F12)
Here ∆, t1, and t2 are the non-spin-orbital-coupling pa- rameters, and λ1, λ2 are the spin-orbital-coupling pa-
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FIG. 12. In a and b the band structure and density of states
of the weak TI model for SG Pn3¯m are ploted, respectively.
The parameters are set as t1 = −t2 = 1, ∆ = 0.8, λ1 = λ2 =
0.2.
rameters. If we set t1 = −t2 = 1 and ∆ = 1 − δ (δ > 0)
two band inversions are created at (000) and (pipipi). The
band inversions are stable under spin-orbital-coupling be-
cause the spin-orbital-coupling terms vanish at (000) and
(pipipi). We plot the band structure and density of states
with t1 = −t2 = 1, ∆ = 0.8, λ1 = λ2 = 0.2 in Fig-
ure 12. On one hand, the density of states in Figure
12b shows that this model is fully gapped at half filling.
On the other hand, from the Fu-Kane criterion we get
z2w,1 = z2w,2 = z2w,3 = 1, z4 = 0. Therefore, this model
corresponds to a weak TI with proper parameters.
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Appendix G: A guide for the tables
In this appendix, we present a users’ guide for our main
results, i.e., Tables V and VII, where the independent
eLCs and the mapping from SI to TCI invariants in all
SGs with nontrivial SI groups are tabulated, respectively.
With these data, the diagnosis of topology for a given
material reduces to three steps of searching in the “dic-
tionary” (i) applying standard first principle calculations
to obtain the occupied BR at high symmetry momenta,
(ii) checking whether the band structure is fully gapped,
which can be done by either calculating density of states
or checking the compatibility relation [41, 62, 63], and
(iii) using Tables II and III to calculate the indicators
and then looking for the corresponding TCI invariants in
Table VII. A concrete example of using these tables for
SnTe is given in the main text.
As byproducts of our work, the independent eLCs and
the possible TCI invariant combinations for SGs with
trivial SI groups are tabulated in Tables VI and VIII,
respectively. Although these states have no indicators
and so can not be diagnosed from symmetry data, we
think they can yet be regarded as an useful reference for
future study in the sense that they are all the possible
TCIs that can be realized by layer construction.
In the following we explain the notations in these ta-
bles.
eLC. Each eLC is represented by a layer generating
it, and the layer notation (hkl; d) consists of Miller in-
dices in conventional lattice and its position. General
position is represented by the symbol “d0”. Due to the
mismatch between conventional and primitive cells, the
vector g = hG1 + kG2 + lG3, where Gi=1,2,3 are the
bases of the conventional reciprocal lattice, may not be
the minimal reciprocal lattice in its direction, and the
position d is defined with respect to the minimal vector.
To be specific, the layer represented by (hkl; d) is given
by
(hkl; d) = {r|r · g′ = 2pi(d+ q), q ∈ Z, 0 ≤ d < 1}
(G1)
where g′ is the minimal reciprocal vector in g’s direction.
SI group. For brevity, the SI group Zp × Zq × · · · will
be written as Zp,q,···.
TCI invariant. In the first row of each SG section
we list all the possible TCI invariants, wherein the weak
invariants are denoted as “weak”, while all the other TCI
invariants are represented by the correspinding symmetry
elements. It should be noticed that the weak invariants
are defined with respect to the primitive cell.
Convention-independent invariant. The convention-
independent invariants (see Appendix B for detail) for
glide, rotation, inversion, screw, and S4 symmetries are
printed in double-stroke font and colored with blue.
Lattice. The lattice setting follows the international
table [33, 61], and the convention for primitive cell is
tabulated in Table IV.
Symmetry element. Mirror plane is denoted as mhkl,
glide plane is denoted as ghklt1t2t3 , Cn=2,4,6-rotation axis
is denoted as nuvw, inversion center is denoted as i,
Cn=2,4,6-screw axis with a q/n translation along the axis
is denoted as nuvwq , and S4 center is denoted as 4¯
uvw,
Here uvw are the conventional indices of the correspond-
ing axis direction, hkl are the conventional Miller indices
of the corresponding mirror or glide plane, and t1t2t3 are
the conventional coordinates of the corresponding glide
vector. In order to keep the table compact, negative in-
dice −u is printed as u¯. Analysis in Appendix B shows
that for identical symmetry elements locating at differ-
ent positions it is enough to keep only one to define the
corresponding TCI invariant. In this work, we take the
one with minimal x1, and if two have same x1 we take
the one with minimal x2, and then if two have same x2
we take the one with minimal x3, where 0 ≤ xi=1,2,3 < 1
are in primitive cell.
Additional symmetry element. Due to the discussion
in Appendix A, screw or glide elements can exist even in
symmorphic SGs, which is referred as “additional sym-
metry elements” in Ref. [33]. For example, in SG #12
(C2/m), screw axis 20101 can be got by the rotation 2
010
followed by a translation a1.
Mirror Chern number. As mirror Chern number Cm
can be any integer, here we set a cutoff p for each mirror
and list only the TCIs with −p < Cm ≤ p. p is prop-
erly chosen such that TCIs with higher Cm can be con-
structed from the listed TCIs. This cutoff is printed in
the subscript of the corresponding mirror element, such
as m010(p) . There are two kinds of mirror planes as shown
in Figure 8a,b. For the former we print both Cm,0 and
Cm,pi while for the latter we print only Cm,0 since Cm,pi
always equals to zero. In order to make the table more
compact, negative mirror Chern number −n is printed as
n¯.
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Lattice SGs a1, a2, a3
Triclinic
primitive
1, 2 (100), (010), (001)
Monoclinic
primitive
3, 4, 6, 7, 10, 11, 13, 14 (100), (010), (001)
Monoclinic
base-centred
5, 8, 9, 12, 15
(
1
2
1
2
0
)
,
(
1¯
2
1
2
0
)
, (001)
Orthorhombic
primitive
16, 17, 18, 19, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 47,
48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62
(100), (010), (001)
Orthorhombic
base-centered
20, 21, 35, 36, 37, 63, 64, 65, 66, 67, 68
(
1
2
1
2
0
)
,
(
1¯
2
1
2
0
)
, (001)
38, 39, 40, 41 (100),
(
0 1
2
1
2
)
,
(
0 1¯
2
1
2
)
Orthorhombic
body-centred
23, 24, 44, 45, 46, 71, 72, 73, 74
(
1¯
2
1
2
1
2
)
,
(
1
2
1¯
2
1
2
)
,
(
1
2
1
2
1¯
2
)
Orthorhombic
face-centred
22, 42, 43, 69, 70
(
0 1
2
1
2
)
,
(
1
2
0 1
2
)
,
(
1
2
1
2
0
)
Tetragonal
primitive
75, 76, 77, 78, 81, 83, 84, 85, 86, 89, 90, 91, 92, 93, 94,
95, 96, 99, 100, 101, 102, 103, 104, 105, 106, 111, 112,
113, 114, 115, 116, 117, 118, 123, 124, 125, 126, 127,
128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138
(100), (010), (001)
Tetragonal
body-centred
79, 80, 82, 87, 88, 97, 98, 107, 108, 109, 110, 119, 120,
121, 122, 139, 140, 141, 142
(
1¯
2
1
2
1
2
)
,
(
1
2
1¯
2
1
2
)
,
(
1
2
1
2
1¯
2
)
Trigonal
primitive
146, 148, 155, 160, 161, 166, 167
(
2
3
1
3
1
3
)
,
(
1¯
3
1
3
1
3
)
,
(
1¯
3
2¯
3
1
3
)
Hexagonal
primitive
143, 144, 145, 147, 149, 150, 151, 152, 153, 154, 156,
157, 158, 159, 162, 163, 164, 165, 168, 169, 170, 171,
172, 173, 174, 175, 176, 177, 178, 179, 180, 181, 182,
183, 184, 185, 186, 187, 188, 189, 190, 191, 192, 193, 194
(100), (010), (001)
Cubic
primitive
195, 198, 200, 201, 205, 207, 208, 212, 213, 215, 218,
221, 222, 223, 224
(100), (010), (001)
Cubic
face-centred
196, 202, 203, 209, 210, 216, 219, 225, 226, 227, 228
(
0 1
2
1
2
)
,
(
1
2
0 1
2
)
,
(
1
2
1
2
0
)
Cubic
body-centred
197, 199, 204, 206, 211, 214, 217, 220, 229, 230
(
1¯
2
1
2
1
2
)
,
(
1
2
1¯
2
1
2
)
,
(
1
2
1
2
1¯
2
)
TABLE IV. The primitive cell settings in SGs with nontrivial TCI SI groups. Settings for centered lattices (base-centered,
body-centered, face-centered) follow Ref. [33, 61], and the primitive lattice bases are written in the conventional coordinate.
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TABLE V: eLCs in all SGs with nontrivial SI groups.
eLC SI Invariants
Space group #2 : P 1¯
(hkl; d) Z2,2,2,4 weak i
001; 0 0012 001 1
001; 1
2
0010 001 0
010; 0 0102 010 1
100; 0 1002 100 1
Space group #10 : P2/m
(hkl; d) Z2,2,2,4 weak m010(2) 2010 i
001; 0 0012 001 00 1 1
001; 1
2
0010 001 00 0 0
010; 0 0102 010 11 0 1
010; 1
2
0100 010 11¯ 0 0
100; 0 1002 100 00 1 1
Space group #11 : P21/m
(hkl; d) Z2,2,2,4 weak m010(2) i 20101
001; 0 0012 001 00 1 1
001; 1
2
0010 001 00 0 0
010; 1
4
0000 000 20 0 1
100; 0 1002 100 00 1 1
Space group #12 : C2/m
(hkl; d) Z2,2,2,4 weak m010(2) g0101¯
2
00
2010 i 20101
001; 0 0012 001 0 0 1 1 1
001; 1
2
0010 001 0 0 0 0 0
1¯10; 0 1100 110 0 1 0 0 1
010; 0 1102 110 2 0 0 1 1
Space group #13 : P2/c
(hkl; d) Z2,2,2,4 weak g01000 1
2
2010 i
001; 1
4
0000 000 1 1 0
001; 0 0002 000 1 0 1
010; 0 0102 010 1 0 1
100; 0 1002 100 0 1 1
Space group #14 : P21/c
(hkl; d) Z2,2,2,4 weak g01000 1
2
i 20101
001; 1
4
0000 000 1 0 1
001; 0 0002 000 1 1 0
100; 0 1002 100 0 1 1
Space group #15 : C2/c
(hkl; d) Z2,2,2,4 weak g01000 1
2
g0101¯
2
0 1
2
2010 i 20101
001; 1
4
0000 000 1 1 1 0 1
001; 0 0002 000 1 1 0 1 0
1¯10; 0 1100 110 0 1 0 0 1
Space group #47 : Pmmm
(hkl; d) Z2,2,2,4 weak m001(2) m010(2) m100(2) 2001 2010 2100 i
001; 0 0012 001 11 00 00 0 1 1 1
001; 1
2
0010 001 11¯ 00 00 0 0 0 0
010; 0 0102 010 00 11 00 1 0 1 1
010; 1
2
0100 010 00 11¯ 00 0 0 0 0
100; 0 1002 100 00 00 11 1 1 0 1
100; 1
2
1000 100 00 00 11¯ 0 0 0 0
Space group #48 : Pnnn
(hkl; d) Z2,2,2,4 weak g0011
2
1
2
0
g0101
2
0 1
2
g100
0 1
2
1
2
2001 2010 2100 i
001; 1
4
0000 000 0 1 1 0 1 1 0
001; 0 0002 000 1 1 1 0 0 0 1
010; 1
4
0000 000 1 0 1 1 0 1 0
Space group #49 : Pccm
Continued on next page
33
TABLE V – continued
eLC SI Invariants
(hkl; d) Z2,2,2,4 weak m001(2) g01000 1
2
g100
00 1
2
2001 2010 2100 i
001; 1
4
0000 000 00 1 1 0 1 1 0
001; 0 0002 000 20 1 1 0 0 0 1
010; 0 0102 010 00 1 0 1 0 1 1
010; 1
2
0100 010 00 0 0 0 0 0 0
100; 0 1002 100 00 0 1 1 1 0 1
Space group #50 : Pban
(hkl; d) Z2,2,2,4 weak g0011
2
1
2
0
g0101
2
00
g100
0 1
2
0
2001 2010 2100 i
001; 0 0012 001 1 0 0 0 1 1 1
001; 1
2
0010 001 0 0 0 0 0 0 0
010; 1
4
0000 000 1 0 1 1 0 1 0
010; 0 0002 000 1 1 1 0 0 0 1
Space group #51 : Pmma
(hkl; d) Z2,2,2,4 weak m010(2) m100(2) g0011
2
00
2001 2010 i 21001
001; 0 0012 001 00 00 1 0 1 1 1
001; 1
2
0010 001 00 00 0 0 0 0 0
010; 0 0102 010 11 00 0 1 0 1 1
010; 1
2
0100 010 11¯ 00 0 0 0 0 0
100; 1
4
0000 000 00 20 1 1 0 0 1
Space group #52 : Pnna
(hkl; d) Z2,2,2,4 weak g0011
2
00
g0101
2
0 1
2
g100
0 1
2
1
2
2001 2100 i 20101
001; 1
4
0000 000 0 1 1 0 1 0 1
001; 0 0002 000 1 1 1 0 0 1 0
010; 0 0002 000 0 0 1 1 0 1 1
Space group #53 : Pmna
(hkl; d) Z2,2,2,4 weak m100(2) g0011
2
00
g0101
2
0 1
2
2010 2100 i 20011
001; 1
4
0000 000 00 1 1 1 0 0 1
001; 0 0002 000 00 0 1 0 1 1 1
010; 0 0102 010 00 0 1 0 1 1 1
100; 0 0002 000 20 1 1 0 0 1 0
Space group #54 : Pcca
(hkl; d) Z2,2,2,4 weak g0011
2
00
g010
00 1
2
g100
00 1
2
2001 2010 i 21001
001; 1
4
0000 000 0 1 1 0 1 0 1
001; 0 0002 000 1 1 1 0 0 1 0
010; 0 0102 010 0 1 0 1 0 1 1
010; 1
2
0100 010 0 0 0 0 0 0 0
Space group #55 : Pbam
(hkl; d) Z2,2,2,4 weak m001(2) g0101
2
00
g100
0 1
2
0
2001 i 20101 2
100
1
001; 0 0012 001 11 0 0 0 1 1 1
001; 1
2
0010 001 11¯ 0 0 0 0 0 0
010; 0 0002 000 00 0 1 1 1 1 0
010; 1
4
0000 000 00 1 1 0 0 1 1
Space group #56 : Pccn
(hkl; d) Z2,2,2,4 weak g0011
2
1
2
0
g010
00 1
2
g100
00 1
2
2001 i 20101 2
100
1
001; 1
4
0000 000 0 1 1 0 0 1 1
001; 0 0002 000 1 1 1 0 1 0 0
010; 1
4
0000 000 1 1 0 1 0 1 0
Space group #57 : Pbcm
(hkl; d) Z2,2,2,4 weak m001(2) g01000 1
2
g100
0 1
2
0
2100 i 20011 2
010
1
001; 1
4
0000 000 20 1 0 0 0 1 1
001; 0 0002 000 00 1 0 1 1 1 0
010; 0 0002 000 00 0 1 0 1 1 1
100; 0 1002 100 00 0 1 0 1 1 1
Space group #58 : Pnnm
Continued on next page
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TABLE V – continued
eLC SI Invariants
(hkl; d) Z2,2,2,4 weak m001(2) g0101
2
0 1
2
g100
0 1
2
1
2
2001 i 20101 2
100
1
001; 1
4
0000 000 00 1 1 0 0 1 1
001; 0 0002 000 20 1 1 0 1 0 0
010; 0 0002 000 00 0 1 1 1 1 0
Space group #59 : Pmmn
(hkl; d) Z2,2,2,4 weak m010(2) m100(2) g0011
2
1
2
0
2001 i 20101 2
100
1
001; 0 0012 001 00 00 1 0 1 1 1
001; 1
2
0010 001 00 00 0 0 0 0 0
010; 1
4
0000 000 20 00 1 1 0 1 0
100; 1
4
0000 000 00 20 1 1 0 0 1
Space group #60 : Pbcn
(hkl; d) Z2,2,2,4 weak g0011
2
1
2
0
g010
00 1
2
g100
0 1
2
0
2010 i 20011 2
100
1
001; 1
4
0000 000 1 1 0 1 0 1 0
001; 0 0002 000 0 1 0 0 1 1 1
010; 1
4
0000 000 1 0 1 0 0 1 1
Space group #61 : Pbca
(hkl; d) Z2,2,2,4 weak g0011
2
00
g010
00 1
2
g100
0 1
2
0
i 20011 2
010
1 2
100
1
001; 1
4
0000 000 1 1 0 0 1 1 0
001; 0 0002 000 0 1 0 1 1 0 1
010; 0 0002 000 0 0 1 1 1 1 0
Space group #62 : Pnma
(hkl; d) Z2,2,2,4 weak m010(2) g0011
2
00
g100
0 1
2
1
2
i 20011 2
010
1 2
100
1
001; 0 0002 000 00 0 1 1 1 1 0
001; 1
4
0000 000 00 1 1 0 1 0 1
010; 1
4
0000 000 20 0 1 0 0 1 1
Space group #63 : Cmcm
(hkl; d) Z2,2,2,4 weak m001(2) m100(2) g01000 1
2
g0101¯
2
0 1
2
g100
0 1
2
0
2010 2100 i 20011 2
010
1 2
100
1
001; 1
4
0000 000 20 0 1 1 0 1 0 0 1 1 0
001; 0 0002 000 00 0 1 1 0 0 1 1 1 0 1
1¯10; 0 1100 110 00 0 0 1 1 0 0 0 0 1 1
100; 0 1102 110 00 2 0 1 0 1 0 1 1 0 1
Space group #64 : Cmce
(hkl; d) Z2,2,2,4 weak m100(2) g0010 1
2
0
g010
00 1
2
g0101¯
2
0 1
2
g100
0 1
2
0
2010 2100 i 20011 2
010
1 2
100
1
001; 1
4
0000 000 0 1 1 1 0 1 0 0 1 1 0
001; 0 0002 000 0 0 1 1 0 0 1 1 1 0 1
010; 0 1102 110 0 1 0 1 1 0 1 1 0 1 0
100; 0 1102 110 2 0 0 1 0 0 0 1 1 1 1
Space group #65 : Cmmm
(hkl; d) Z2,2,2,4 weak m001(2) m010(2) m100(2) g0101¯
2
00
g100
0 1
2
0
2001 2010 2100 i 20101 2
100
1
001; 0 0012 001 11 0 0 0 0 0 1 1 1 1 1
001; 1
2
0010 001 11¯ 0 0 0 0 0 0 0 0 0 0
1¯10; 0 1100 110 00 0 0 1 1 0 0 0 0 1 1
010; 0 1102 110 00 2 0 0 1 1 0 1 1 1 0
100; 0 1102 110 00 0 2 1 0 1 1 0 1 0 1
Space group #66 : Cccm
(hkl; d) Z2,2,2,4 weak m001(2) g01000 1
2
g0101¯
2
0 1
2
g100
00 1
2
g100
0 1
2
1
2
2001 2010 2100 i 20101 2
100
1
001; 1
4
0000 000 00 1 1 1 1 0 1 1 0 1 1
001; 0 0002 000 20 1 1 1 1 0 0 0 1 0 0
1¯10; 0 1100 110 00 0 1 0 1 0 0 0 0 1 1
010; 0 1102 110 00 1 0 0 1 1 0 1 1 1 0
Space group #67 : Cmme
(hkl; d) Z2,2,2,4 weak m010(2) m100(2) g0010 1
2
0
g0101¯
2
00
g100
0 1
2
0
2001 2010 2100 i 20101 2
100
1
001; 0 0012 001 0 0 1 0 0 0 1 1 1 1 1
001; 1
2
0010 001 0 0 0 0 0 0 0 0 0 0 0
Continued on next page
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TABLE V – continued
eLC SI Invariants
010; 0 1102 110 0 0 1 1 1 0 0 1 1 1 0
010; 1
2
1100 110 2 0 1 0 1 1 0 0 0 1 1
100; 0 1102 110 0 2 0 1 0 1 0 0 1 1 1
Space group #68 : Ccce
(hkl; d) Z2,2,2,4 weak g0010 1
2
0
g010
00 1
2
g0101¯
2
0 1
2
g100
00 1
2
g100
0 1
2
1
2
2001 2010 2100 i 20101 2
100
1
001; 1
4
0000 000 0 1 1 1 1 0 1 1 0 1 1
001; 0 0002 000 1 1 1 1 1 0 0 0 1 0 0
010; 0 1102 110 1 1 0 0 1 0 0 0 1 1 1
010; 1
2
1100 110 1 0 1 0 1 1 0 1 0 1 0
Space group #69 : Fmmm
(hkl; d) Z2,2,2,4 weak m001(2) m010(2) m100(2) g0011
2
00
g0101
2
00
g100
0 1
2
0
2001 2010 2100 i 20011 2
010
1 2
100
1
100; 0 0112 011 0 0 2 1 1 0 1 1 0 1 1 1 1
100; 1
2
0110 011 0 0 0 1 1 1 0 0 0 0 0 0 1
010; 0 1012 101 0 2 0 0 0 1 1 0 1 1 0 1 1
010; 1
2
1010 101 0 0 0 0 1 1 0 0 0 0 1 1 0
001; 0 1102 110 2 0 0 0 0 0 0 1 1 1 1 0 0
Space group #70 : Fddd
(hkl; d) Z2,2,2,4 weak g0011
4
1
4
0
g0011
4
1¯
4
0
g0101
4
0 1¯
4
g0101
4
0 1
4
g100
0 1
4
1
4
g100
0 1
4
1¯
4
2001 2010 2100 i 20011 2
010
1 2
100
1
111¯; 0 0002 000 1 1 1 1 1 1 0 0 0 1 0 0 0
100; 1
4
0000 000 1 1 1 1 0 0 1 1 0 0 1 1 0
010; 1
4
0000 000 1 1 0 0 1 1 1 0 1 0 1 0 1
Space group #71 : Immm
(hkl; d) Z2,2,2,4 weak m001(2) m010(2) m100(2) g0011
2
1
2
0
g0101
2
0 1
2
g100
0 1
2
1
2
2001 2010 2100 i 20011 2
010
1 2
100
1
110; 0 1110 111 0 0 0 1 1 1 0 0 0 0 1 1 1
001; 0 1112 111 2 0 0 0 1 1 0 1 1 1 1 0 0
010; 0 1112 111 0 2 0 1 0 1 1 0 1 1 0 1 0
1¯00; 0 1112 111 0 0 2 1 1 0 1 1 0 1 0 0 1
Space group #72 : Ibam
(hkl; d) Z2,2,2,4 weak m001(2) g0011
2
1
2
0
g010
00 1
2
g0101
2
00
g100
00 1
2
g100
0 1
2
0
2001 2010 2100 i 20011 2
010
1 2
100
1
110; 0 1110 111 0 1 0 1 0 1 0 0 0 0 1 1 1
001; 0 1112 111 2 0 1 0 1 0 0 0 0 1 1 1 1
001; 1
2
1110 111 0 1 1 0 1 0 0 1 1 0 1 0 0
010; 0 1112 111 0 1 1 0 0 1 1 0 1 1 0 1 0
Space group #73 : Ibca
(hkl; d) Z2,2,2,4 weak g0010 1
2
0
g0011
2
00
g010
00 1
2
g0101
2
00
g100
00 1
2
g100
0 1
2
0
2001 2010 2100 i 20011 2
010
1 2
100
1
001; 0 1112 111 1 0 1 0 1 0 0 1 0 1 1 0 1
001; 1
2
1110 111 0 1 1 0 1 0 0 0 1 0 1 1 0
010; 0 1112 111 1 0 0 1 0 1 0 0 1 1 1 1 0
010; 1
2
1110 111 1 0 1 0 0 1 1 0 0 0 0 1 1
Space group #74 : Imma
(hkl; d) Z2,2,2,4 weak m010(2) m100(2) g0010 1
2
0
g0011
2
00
g0101
2
0 1
2
g100
0 1
2
1
2
2001 2010 2100 i 20011 2
010
1 2
100
1
101; 0 1110 111 0 0 0 1 1 1 0 1 0 0 1 0 1
01¯1; 0 1112 111 0 0 1 0 1 1 0 0 1 1 1 1 0
010; 1
2
1110 111 2 0 1 0 0 1 1 0 0 0 0 1 1
1¯00; 0 1112 111 0 2 0 1 1 0 1 0 0 1 0 1 1
Space group #83 : P4/m
(hkl; d) Z2,4,8 weak m001(4) 2001 4001 i 4¯001
001; 0 012 001 11 0 0 1 1
001; 1
2
030 001 11¯ 0 0 0 0
010; 0 104 110 00 0 1 0 1
010; 1
2
100 110 00 0 0 0 0
Space group #84 : P42/m
(hkl; d) Z2,2,2,4 weak m001(4) 2001 i 40012 4¯001
001; 1
4
0000 000 00 0 0 1 1
001; 0 0002 000 20 0 1 1 0
Continued on next page
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TABLE V – continued
eLC SI Invariants
010; 0 1100 110 00 0 0 1 1
Space group #85 : P4/n
(hkl; d) Z2,2,2,4 weak g0011
2
1
2
0
2001 4001 i 4¯001
001; 0 0012 001 1 0 0 1 1
001; 1
2
0010 001 0 0 0 0 0
010; 1
4
0000 000 0 0 1 0 1
Space group #86 : P42/n
(hkl; d) Z2,2,2,4 weak g0011
2
1
2
0
2001 i 40012 4¯
001
001; 1
4
0000 000 0 0 0 1 1
001; 0 0002 000 1 0 1 1 0
Space group #87 : I4/m
(hkl; d) Z2,8 weak m001(4) g0011
2
1
2
0
2001 4001 i 20011 4
001
2 4¯
001
110; 0 14 111 0 1 0 1 0 1 0 1
110; 1
2
10 111 0 1 0 0 0 1 1 0
001; 0 12 111 2 0 0 0 1 1 1 1
Space group #88 : I41/a
(hkl; d) Z2,2,2,4 weak g0010 1
2
0
g0011
2
00
2001 i 20011 4
001
1 4
001
3 4¯
001
110; 1
4
0000 000 0 0 0 0 0 1 1 1
101; 0 0002 000 1 1 0 1 0 1 1 0
Space group #123 : P4/mmm
(hkl; d) Z2,4,8 weak m001(4) m11¯0(2) m100(2) g11¯01
2
1
2
0
2001 2100 2110 4001 i 21101 4¯
001
001; 0 012 001 11 0 00 0 0 1 1 0 1 0 1
001; 1
2
030 001 11¯ 0 00 0 0 0 0 0 0 1 0
010; 0 104 110 00 0 11 1 0 1 0 1 0 1 1
010; 1
2
100 110 00 0 11¯ 1 0 0 0 0 0 1 0
110; 0 004 000 00 2 00 1 0 0 1 1 0 1 1
Space group #124 : P4/mcc
(hkl; d) Z2,8 weak m001(4) g11¯000 1
2
g11¯01
2
1
2
1
2
g100
00 1
2
2001 2100 2110 4001 i 21101 4¯
001
001; 1
4
00 000 00 1 1 1 0 1 1 0 0 1 0
001; 0 02 000 20 1 1 1 0 0 0 0 1 0 1
010; 0 14 110 00 0 1 1 0 1 0 1 0 1 1
010; 1
2
10 110 00 0 1 0 0 0 0 0 0 1 0
Space group #125 : P4/nbm
(hkl; d) Z2,2,2,4 weak m11¯0(2) g0011
2
1
2
0
g11¯01
2
1
2
0
g100
0 1
2
0
2001 2100 2110 4001 i 21101 4¯
001
001; 0 0012 001 0 1 0 0 0 1 1 0 1 0 1
001; 1
2
0010 001 0 0 0 0 0 0 0 0 0 1 0
010; 1
4
0000 000 0 0 0 1 0 1 0 1 0 0 1
110; 0 0002 000 2 1 1 1 0 0 0 0 1 0 1
Space group #126 : P4/nnc
(hkl; d) Z2,2,2,4 weak g0011
2
1
2
0
g11¯0
00 1
2
g11¯01
2
1
2
1
2
g100
0 1
2
1
2
2001 2100 2110 4001 i 21101 4¯
001
001; 1
4
0000 000 0 1 1 1 0 1 1 0 0 1 0
001; 0 0002 000 1 1 1 1 0 0 0 0 1 0 1
010; 1
4
0000 000 0 0 0 1 0 1 0 1 0 0 1
Space group #127 : P4/mbm
(hkl; d) Z4,8 weak m001(4) m11¯0(2) g11¯01
2
1
2
0
g100
0 1
2
0
2001 2110 4001 i 21001 2
110
1 4¯
001
001; 0 12 001 11 0 0 0 0 0 0 1 1 1 1
001; 1
2
30 001 11¯ 0 0 0 0 1 0 0 0 0 0
010; 0 04 000 00 0 0 1 0 0 1 0 1 0 1
110; 1
2
00 000 00 2 1 1 0 1 0 0 1 1 0
Space group #128 : P4/mnc
(hkl; d) Z8 weak m001(4) g11¯000 1
2
g11¯01
2
1
2
1
2
g100
0 1
2
1
2
2001 2110 4001 i 21001 2
110
1 4¯
001
001; 1
4
0 000 00 1 1 1 0 1 0 0 1 1 0
001; 0 2 000 20 1 1 1 0 0 0 1 0 0 1
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010; 0 4 000 00 0 0 1 0 0 1 0 1 0 1
Space group #129 : P4/nmm
(hkl; d) Z2,2,2,4 weak m11¯0(2) m100(2) g0011
2
1
2
0
g11¯01
2
1
2
0
2001 2110 4001 i 21001 2
110
1 4¯
001
001; 0 0012 001 0 00 1 0 0 0 0 1 1 1 1
001; 1
2
0010 001 0 00 0 0 0 1 0 0 0 0 0
010; 1
4
0000 000 0 20 0 0 0 0 1 0 1 0 1
110; 1
2
0002 000 2 00 1 1 0 0 1 1 1 0 0
Space group #130 : P4/ncc
(hkl; d) Z2,2,2,4 weak g0011
2
1
2
0
g11¯0
00 1
2
g11¯01
2
1
2
1
2
g100
00 1
2
2001 2110 4001 i 21001 2
110
1 4¯
001
001; 1
4
0000 000 0 1 1 1 0 1 0 0 1 1 0
001; 0 0002 000 1 1 1 1 0 0 0 1 0 0 1
010; 1
4
0000 000 0 0 0 1 0 0 1 0 1 0 1
Space group #131 : P42/mmc
(hkl; d) Z2,2,2,4 weak m001(4) m100(2) g11¯000 1
2
g11¯01
2
1
2
1
2
2001 2100 2110 i 21101 4
001
2 4¯
001
001; 0 0002 000 20 00 1 1 0 1 0 1 0 1 0
001; 1
4
0000 000 00 00 1 1 0 0 1 0 1 1 1
010; 0 1100 110 00 11 0 1 0 1 0 0 1 1 1
010; 1
2
1100 110 00 11¯ 0 1 0 0 0 0 1 0 0
Space group #132 : P42/mcm
(hkl; d) Z2,2,2,4 weak m001(4) m11¯0(2) g11¯01
2
1
2
0
g100
00 1
2
2001 2100 2110 i 21101 4
001
2 4¯
001
001; 1
4
0000 000 00 0 0 1 0 1 0 0 0 1 1
001; 0 0002 000 20 0 0 1 0 0 1 1 1 1 0
010; 0 1100 110 00 0 1 1 0 1 0 0 1 1 1
110; 0 0000 000 00 2 1 0 0 0 1 0 1 1 1
Space group #133 : P42/nbc
(hkl; d) Z2,2,2,4 weak g0011
2
1
2
0
g11¯0
00 1
2
g11¯01
2
1
2
1
2
g100
0 1
2
0
2001 2100 2110 i 21101 4
001
2 4¯
001
001; 0 0002 000 1 1 1 0 0 1 0 1 0 1 0
001; 1
4
0000 000 0 1 1 0 0 0 1 0 1 1 1
010; 1
4
0000 000 0 0 0 1 0 1 0 0 0 1 1
Space group #134 : P42/nnm
(hkl; d) Z2,2,2,4 weak m11¯0(2) g0011
2
1
2
0
g11¯01
2
1
2
0
g100
0 1
2
1
2
2001 2100 2110 i 21101 4
001
2 4¯
001
001; 1
4
0000 000 0 0 0 1 0 1 0 0 0 1 1
001; 0 0002 000 0 1 0 1 0 0 1 1 1 1 0
110; 0 0002 000 2 1 1 1 0 0 0 1 0 0 1
Space group #135 : P42/mbc
(hkl; d) Z2,2,2,4 weak m001(4) g11¯000 1
2
g11¯01
2
1
2
1
2
g100
0 1
2
0
2001 2110 i 21001 2
110
1 4
001
2 4¯
001
001; 0 0002 000 20 1 1 0 0 0 1 1 0 1 0
001; 1
4
0000 000 00 1 1 0 0 1 0 0 1 1 1
010; 0 0000 000 00 0 0 1 0 0 0 1 0 1 1
Space group #136 : P42/mnm
(hkl; d) Z2,2,2,4 weak m001(4) m11¯0(2) g11¯01
2
1
2
0
g100
0 1
2
1
2
2001 2110 i 21001 2
110
1 4
001
2 4¯
001
001; 1
4
0000 000 00 0 0 1 0 0 0 1 0 1 1
001; 0 0002 000 20 0 0 1 0 1 1 0 1 1 0
110; 0 0000 000 00 2 1 1 0 1 0 1 1 0 0
Space group #137 : P42/nmc
(hkl; d) Z2,2,2,4 weak m100(2) g0011
2
1
2
0
g11¯0
00 1
2
g11¯01
2
1
2
1
2
2001 2110 i 21001 2
110
1 4
001
2 4¯
001
001; 0 0002 000 00 1 1 1 0 0 1 1 0 1 0
001; 1
4
0000 000 00 0 1 1 0 1 0 0 1 1 1
010; 1
4
0000 000 20 0 0 0 0 0 0 1 0 1 1
Space group #138 : P42/ncm
(hkl; d) Z2,2,2,4 weak m11¯0(2) g0011
2
1
2
0
g11¯01
2
1
2
0
g100
00 1
2
2001 2110 i 21001 2
110
1 4
001
2 4¯
001
001; 1
4
0000 000 0 0 0 1 0 0 0 1 0 1 1
001; 0 0002 000 0 1 0 1 0 1 1 0 1 1 0
Continued on next page
38
TABLE V – continued
eLC SI Invariants
110; 1
2
0002 000 2 1 1 0 0 0 1 1 0 1 0
Space group #139 : I4/mmm
(hkl; d) Z2,8 weak m001(4) m11¯0(2) m100(2) g0011
2
1
2
0
g11¯01
2
1
2
0
g100
0 1
2
1
2
2001 2100 2110 4001 i 20011 2
100
1 2
110
1 4
001
2 4¯
001
110; 0 14 111 0 2 0 1 1 1 0 0 1 1 0 1 1 0 0 1
110; 1
2
10 111 0 0 0 1 0 1 0 0 0 0 0 1 1 1 1 0
001; 0 12 111 2 0 0 0 0 1 0 1 1 0 1 1 0 0 1 1
010; 0 04 000 0 0 2 0 0 1 0 1 0 1 0 0 1 0 1 1
Space group #140 : I4/mcm
(hkl; d) Z2,8 weak m001(4) m11¯0(2) g0011
2
1
2
0
g11¯01
2
1
2
0
g100
00 1
2
g100
0 1
2
0
2001 2100 2110 4001 i 20011 2
100
1 2
110
1 4
001
2 4¯
001
110; 0 14 111 0 0 1 0 0 1 0 0 1 1 0 1 1 0 0 1
110; 1
2
10 111 0 2 1 1 0 1 0 0 0 0 0 1 1 1 1 0
001; 0 12 111 2 0 0 0 1 0 0 0 0 0 1 1 1 1 1 1
001; 1
2
10 111 0 0 1 0 1 0 0 1 1 0 0 1 0 0 1 0
Space group #141 : I41/amd
(hkl; d) Z2,2,2,4 weak m100(2) g0010 1
2
0
g0011
2
00
g11¯01
4
1
4
1¯
4
g11¯01
4
1
4
1
4
g100
0 1
2
1
2
2001 2100 2110 i 20011 2
100
1 2
110
1 4
001
1 4
001
3 4¯
001
110; 1
4
0000 000 0 0 0 1 1 0 0 0 1 0 0 0 1 1 1 1
101; 0 0002 000 0 1 1 1 1 0 0 1 0 1 0 1 0 1 1 0
010; 1
2
0002 000 2 1 1 1 1 1 0 0 0 1 0 0 0 0 0 1
Space group #142 : I41/acd
(hkl; d) Z2,2,2,4 weak g0010 1
2
0
g0011
2
00
g11¯01
4
1
4
1¯
4
g11¯01
4
1
4
1
4
g100
00 1
2
g100
0 1
2
0
2001 2100 2110 i 20011 2
100
1 2
110
1 4
001
1 4
001
3 4¯
001
110; 1
4
0000 000 0 0 1 1 0 0 0 0 1 0 0 0 1 1 1 1
001; 0 0002 000 1 1 1 1 0 0 0 1 0 1 0 1 0 1 1 0
010; 1
2
0002 000 1 1 1 1 1 1 0 0 0 1 0 0 0 0 0 1
Space group #147 : P 3¯
(hkl; d) Z2,2,2,4 weak i
001; 0 0012 001 1
001; 1
2
0010 001 0
Space group #148 : R3¯
(hkl; d) Z2,2,2,4 weak i
01¯1; 0 1112 111 1
01¯1; 1
2
1110 111 0
Space group #162 : P 3¯1m
(hkl; d) Z2,2,2,4 weak m010(2) g0101
2
00
2120 i 21201
001; 0 0012 001 0 0 1 1 1
001; 1
2
0010 001 0 0 0 0 0
010; 0 0002 000 2 1 0 1 0
Space group #163 : P 3¯1c
(hkl; d) Z2,2,2,4 weak g01000 1
2
g0101
2
0 1
2
2120 i 21201
001; 0 0002 000 1 1 0 1 0
001; 1
4
0000 000 1 1 1 0 1
Space group #164 : P 3¯m1
(hkl; d) Z2,2,2,4 weak m2¯10(2) g2¯101
2
10
2100 i 21001
001; 0 0012 001 0 0 1 1 1
001; 1
2
0010 001 0 0 0 0 0
110; 0 0002 000 2 1 0 1 0
Space group #165 : P 3¯c1
(hkl; d) Z2,2,2,4 weak g2¯1000 1
2
g2¯101
2
1 1
2
2100 i 21001
001; 0 0002 000 1 1 0 1 0
001; 1
4
0000 000 1 1 1 0 1
Space group #166 : R3¯m
(hkl; d) Z2,2,2,4 weak m2¯10(2) g2¯101
6
1
3
1
3
2100 i 21001
01¯1; 0 1112 111 0 1 1 1 1
01¯1; 1
2
1110 111 0 1 0 0 0
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1¯20; 0 0002 000 2 1 0 1 0
Space group #167 : R3¯c
(hkl; d) Z2,2,2,4 weak g2¯101¯
6
1¯
3
1
6
g2¯10
00 1
2
2100 i 21001
01¯1; 0 0002 000 1 1 0 1 0
01¯1; 1
4
0000 000 1 1 1 0 1
Space group #174 : P 6¯
(hkl; d) Z3,3 weak m001(3)
001; 0 11 001 11
001; 1
2
12 001 11¯
Space group #175 : P6/m
(hkl; d) Z6,12 weak m001(6) 2001 6001 i
001; 0 1, 2 001 11 0 0 1
001; 1
2
5, 0 001 11¯ 0 0 0
010; 0 0, 6 000 00 1 1 1
Space group #176 : P63/m
(hkl; d) Z12 weak m001(6) i 20011 60013
001; 1
4
8 000 20 0 1 1
001; 0 6 000 00 1 1 1
Space group #187 : P 6¯m2
(hkl; d) Z3,3 weak m1¯20(2) m001(3) g1¯201 1
2
0
211¯0 211¯01
001; 0 11 001 0 11 0 1 0
001; 1
2
12 001 0 11¯ 0 0 1
110; 0 00 000 2 00 1 1 1
Space group #188 : P 6¯c2
(hkl; d) Z3 weak m001(3) g1¯2000 1
2
g1¯20
1 1
2
1
2
211¯0 211¯01
001; 1
4
2 000 20 1 1 0 0
001; 0 0 000 00 1 1 1 1
Space group #189 : P 6¯2m
(hkl; d) Z3,3 weak m001(3) m11¯0(2) g11¯01
2
1
2
0
2010 20101
001; 0 11 001 11 0 0 1 0
001; 1
2
12 001 11¯ 0 0 0 1
010; 0 00 000 00 2 1 1 1
Space group #190 : P 6¯2c
(hkl; d) Z3 weak m001(3) g11¯000 1
2
g11¯01
2
1
2
1
2
2010 20101
001; 1
4
2 000 20 1 1 0 0
001; 0 0 000 00 1 1 1 1
Space group #191 : P6/mmm
(hkl; d) Z6,12 weak m1¯20(2) m001(6) m010(2) g1¯201 1
2
0
g0101
2
00
2001 2010 211¯0 6001 i 20101 2
11¯0
1
001; 0 1, 2 001 0 11 0 0 0 0 1 1 0 1 0 0
001; 1
2
5, 0 001 0 11¯ 0 0 0 0 0 0 0 0 1 1
010; 0 0, 6 000 0 00 2 0 1 1 1 0 1 1 1 0
110; 0 0, 6 000 2 00 0 1 0 1 0 1 1 1 0 1
Space group #192 : P6/mcc
(hkl; d) Z12 weak m001(6) g1¯2000 1
2
g1¯20
1 1
2
1
2
g010
00 1
2
g0101
2
0 1
2
2001 2010 211¯0 6001 i 20101 2
11¯0
1
001; 1
4
0 000 00 1 1 1 1 0 1 1 0 0 1 1
001; 0 2 000 20 1 1 1 1 0 0 0 0 1 0 0
010; 0 6 000 00 0 0 1 1 1 1 0 1 1 1 0
Space group #193 : P63/mcm
(hkl; d) Z12 weak m001(6) m010(2) g1¯2000 1
2
g1¯20
1 1
2
1
2
g0101
2
00
2010 211¯0 i 20011 2
010
1 2
11¯0
1 6
001
3
001; 1
4
8 000 20 0 1 1 0 1 0 0 1 1 0 1
001; 0 6 000 00 0 1 1 0 0 1 1 1 0 1 1
010; 0 6 000 00 2 0 0 1 1 0 1 1 1 0 1
Space group #194 : P63/mmc
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(hkl; d) Z12 weak m1¯20(2) m001(6) g1¯201 1
2
0
g010
00 1
2
g0101
2
0 1
2
2010 211¯0 i 20011 2
010
1 2
11¯0
1 6
001
3
001; 0 6 000 0 00 0 1 1 1 0 1 1 1 0 1
001; 1
4
8 000 0 20 0 1 1 0 1 0 1 0 1 1
110; 0 6 000 2 00 1 0 0 0 1 1 1 0 1 1
Space group #200 : Pm3¯
(hkl; d) Z2,2,2,4 weak m001(2) 2001 i
001; 0 1112 111 11 0 1
001; 1
2
1110 111 11¯ 0 0
Space group #201 : Pn3¯
(hkl; d) Z2,2,2,4 weak g0011
2
1
2
0
2001 i
001; 0 0002 000 1 0 1
Space group #202 : Fm3¯
(hkl; d) Z2,2,2,4 weak m001(2) g0011
2
00
2001 i 20011
100; 0 0002 000 2 1 0 1 0
Space group #203 : Fd3¯
(hkl; d) Z2,2,2,4 weak g0011
4
1
4
0
g0011
4
1¯
4
0
2001 i 20011
111¯; 0 0002 000 1 1 0 1 0
Space group #204 : Im3¯
(hkl; d) Z2,2,2,4 weak m001(2) g0011
2
1
2
0
2001 i 20011
110; 0 1110 111 0 1 0 0 1
001; 0 1112 111 2 0 0 1 1
Space group #205 : Pa3¯
(hkl; d) Z2,2,2,4 weak g0011
2
00
i 20011
001; 0 0002 000 1 1 0
Space group #206 : Ia3¯
(hkl; d) Z2,2,2,4 weak g0010 1
2
0
g0011
2
00
2001 i 20011
001; 0 1112 111 0 1 1 1 0
001; 1
2
1110 111 1 0 1 0 0
Space group #221 : Pm3¯m
(hkl; d) Z4,8 weak m001(4) m101(2) g1011¯
2
0 1
2
2001 2011 4001 i 20111 4¯
001
001; 0 16 111 11 0 1 0 1 1 1 0 0
001; 1
2
30 111 11¯ 0 1 0 0 0 0 1 0
011; 0 04 000 00 2 1 0 1 1 0 1 1
Space group #222 : Pn3¯n
(hkl; d) Z2,2,2,4 weak g0011
2
1
2
0
g101
0 1
2
0
g1011¯
2
1
2
1
2
2001 2011 4001 i 20111 4¯
001
001; 0 0002 000 1 1 1 0 0 0 1 0 1
001; 1
4
0000 000 0 1 1 0 1 1 0 1 1
Space group #223 : Pm3¯n
(hkl; d) Z2,2,2,4 weak m001(4) g1010 1
2
0
g1011¯
2
1
2
1
2
2001 2011 i 20111 4
001
2 4¯
001
001; 0 0002 000 20 1 1 0 0 1 0 0 1
001; 1
4
0000 000 00 1 1 0 1 0 1 1 1
Space group #224 : Pn3¯m
(hkl; d) Z2,2,2,4 weak m101(2) g0011
2
1
2
0
g1011¯
2
0 1
2
2001 2011 i 20111 4
001
2 4¯
001
001; 0 0002 000 0 1 0 0 1 1 1 1 0
011; 1
2
0002 000 2 1 1 0 0 1 0 0 1
Space group #225 : Fm3¯m
(hkl; d) Z8 weak m001(4) m101(2) g0011
2
00
g1011
4
1
2
1¯
4
2001 2011 4001 i 20011 2
011
1 4
001
2 4¯
001
100; 0 6 000 2 0 1 0 0 1 1 1 0 1 1 0
01¯1; 0 4 000 0 2 0 1 0 1 1 0 0 1 1 1
Space group #226 : Fm3¯c
(hkl; d) Z8 weak m001(4) g0011
2
00
g101
0 1
2
0
g1011
4
0 1¯
4
2001 2011 4001 i 20011 2
011
1 4
001
2 4¯
001
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100; 0 2 000 2 1 1 1 0 0 0 1 0 0 0 1
100; 1
2
4 000 0 0 1 1 0 1 1 0 0 1 1 1
Space group #227 : Fd3¯m
(hkl; d) Z2,2,2,4 weak m101(2) g0011
4
1
4
0
g0011
4
1¯
4
0
g1011
4
1
2
1¯
4
2001 2011 i 20011 2
011
1 4
001
1 4
001
3 4¯
001
111¯; 0 0002 000 0 1 1 0 0 1 1 0 1 1 1 0
01¯1; 0 0002 000 2 1 1 1 0 0 1 0 0 0 0 1
Space group #228 : Fd3¯c
(hkl; d) Z2,2,2,4 weak g0011
4
1
4
0
g0011
4
1¯
4
0
g101
0 1
2
0
g1011
4
0 1¯
4
2001 2011 i 20011 2
011
1 4
001
1 4
001
3 4¯
001
100; 0 0002 000 1 1 0 0 0 1 1 0 1 1 1 0
01¯1; 0 0002 000 1 1 1 1 0 0 1 0 0 0 0 1
Space group #229 : Im3¯m
(hkl; d) Z2,8 weak m001(4) m101(2) g0011
2
1
2
0
g101
0 1
2
0
2001 2011 4001 i 20011 2
011
1 4
001
2 4¯
001
110; 0 14 111 0 2 1 0 0 1 1 0 1 0 0 1
110; 1
2
10 111 0 0 1 1 0 0 0 0 1 1 1 0
001; 0 16 111 2 0 0 1 0 1 1 1 1 0 0 0
Space group #230 : Ia3¯d
(hkl; d) Z2,2,2,4 weak g0010 1
2
0
g0011
2
00
g1011¯
4
1
4
1
4
g1011
4
1
4
1¯
4
2001 2011 i 20011 2
011
1 4
001
1 4
001
3 4¯
001
110; 1
4
0000 000 0 0 1 1 0 1 0 0 1 1 1 1
001; 0 0002 000 1 1 1 1 0 0 1 0 0 0 0 1
TABLE VI: eLCs in all SGs with trivial SI groups.
eLC Invariants
Space group #1 : P1
(hkl; d) weak
001; d0 001
010; d0 010
100; d0 100
Space group #3 : P2
(hkl; d) weak 2010
001; 0 001 1
001; 1
2
001 0
010; d0 010 0
100; 0 100 1
Space group #4 : P21
(hkl; d) weak 20101
001; 0 001 1
001; 1
2
001 0
100; 0 100 1
Space group #5 : C2
(hkl; d) weak 2010 20101
001; 0 001 1 1
001; 1
2
001 0 0
1¯10; d0 110 0 1
Space group #6 : Pm
(hkl; d) weak m010(2)
001; d0 001 00
010; 0 010 11
010; 1
2
010 11¯
100; d0 100 00
Space group #7 : Pc
(hkl; d) weak g010
00 1
2
001; d0 000 1
010; 0 010 1
100; d0 100 0
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Space group #8 : Cm
(hkl; d) weak m010(2) g
010
1¯
2
00
001; d0 001 0 0
1¯10; d0 110 0 1
010; 0 110 2 0
Space group #9 : Cc
(hkl; d) weak g010
00 1
2
g0101¯
2
0 1
2
001; d0 000 1 1
1¯10; d0 110 0 1
Space group #16 : P222
(hkl; d) weak 2001 2010 2100
001; 0 001 0 1 1
001; 1
2
001 0 0 0
010; 0 010 1 0 1
010; 1
2
010 0 0 0
100; 0 100 1 1 0
Space group #17 : P2221
(hkl; d) weak 2010 2100 20011
001; 1
4
000 1 0 1
001; 0 000 0 1 1
010; 0 010 0 1 1
100; 0 100 1 0 1
Space group #18 : P21212
(hkl; d) weak 2001 20101 2
100
1
001; 0 001 0 1 1
001; 1
2
001 0 0 0
010; 0 000 1 1 0
Space group #19 : P212121
(hkl; d) weak 20011 2
010
1 2
100
1
001; 1
4
000 1 1 0
001; 0 000 1 0 1
Space group #20 : C2221
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(hkl; d) weak 2010 2100 20011 2
010
1 2
100
1
001; 1
4
000 1 0 1 1 0
001; 0 000 0 1 1 0 1
1¯10; 0 110 0 0 0 1 1
Space group #21 : C222
(hkl; d) weak 2001 2010 2100 20101 2
100
1
001; 0 001 0 1 1 1 1
001; 1
2
001 0 0 0 0 0
1¯10; 0 110 0 0 0 1 1
010; 0 110 1 0 1 1 0
Space group #22 : F222
(hkl; d) weak 2001 2010 2100 20011 2
010
1 2
100
1
100; 0 011 1 1 0 1 1 1
100; 1
2
011 0 0 0 0 0 1
010; 0 101 1 0 1 0 1 1
010; 1
2
101 0 0 0 1 1 0
Space group #23 : I222
(hkl; d) weak 2001 2010 2100 20011 2
010
1 2
100
1
110; 0 111 0 0 0 1 1 1
001; 0 111 0 1 1 1 0 0
010; 0 111 1 0 1 0 1 0
Space group #24 : I212121
(hkl; d) weak 2001 2010 2100 20011 2
010
1 2
100
1
110; 1
4
111 1 0 0 0 1 1
101; 1
4
111 0 1 0 1 0 1
01¯1; 1
4
111 0 0 1 1 1 0
Space group #25 : Pmm2
(hkl; d) weak m010(2) m
100
(2) 2
001
001; d0 001 00 00 0
010; 0 010 11 00 1
010; 1
2
010 11¯ 00 0
100; 0 100 00 11 1
100; 1
2
100 00 11¯ 0
Space group #26 : Pmc21
(hkl; d) weak m100(2) g
010
00 1
2
20011
001; d0 000 00 1 1
010; 0 010 00 1 1
100; 0 100 11 0 1
100; 1
2
100 11¯ 0 0
Space group #27 : Pcc2
(hkl; d) weak g010
00 1
2
g100
00 1
2
2001
001; d0 000 1 1 0
010; 0 010 1 0 1
010; 1
2
010 0 0 0
100; 0 100 0 1 1
Space group #28 : Pma2
(hkl; d) weak m100(2) g
010
1
2
00
2001
001; d0 001 00 0 0
010; 0 010 00 1 1
010; 1
2
010 00 0 0
100; 1
4
000 20 1 0
Space group #29 : Pca21
(hkl; d) weak g0101
2
00
g100
00 1
2
20011
001; d0 000 0 1 1
010; 0 010 1 0 1
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010; 1
2
010 0 0 0
Space group #30 : Pnc2
(hkl; d) weak g010
00 1
2
g100
0 1
2
1
2
2001
001; d0 000 1 1 0
010; 0 000 0 1 1
100; 0 100 0 1 1
Space group #31 : Pmn21
(hkl; d) weak m100(2) g
010
1
2
0 1
2
20011
001; d0 000 00 1 1
010; 0 010 00 1 1
100; 0 000 20 1 0
Space group #32 : Pba2
(hkl; d) weak g0101
2
00
g100
0 1
2
0
2001
001; d0 001 0 0 0
010; 0 000 0 1 1
010; 1
4
000 1 1 0
Space group #33 : Pna21
(hkl; d) weak g0101
2
00
g100
0 1
2
1
2
20011
001; d0 000 0 1 1
010; 1
4
000 1 1 0
Space group #34 : Pnn2
(hkl; d) weak g0101
2
0 1
2
g100
0 1
2
1
2
2001
001; d0 000 1 1 0
010; 0 000 0 1 1
Space group #35 : Cmm2
(hkl; d) weak m010(2) m
100
(2) g
010
1¯
2
00
g100
0 1
2
0
2001
001; d0 001 0 0 0 0 0
1¯10; 0 110 0 0 1 1 0
010; 0 110 2 0 0 1 1
100; 0 110 0 2 1 0 1
Space group #36 : Cmc21
(hkl; d) weak m100(2) g
010
00 1
2
g0101¯
2
0 1
2
g100
0 1
2
0
20011
001; d0 000 0 1 1 0 1
1¯10; 0 110 0 0 1 1 0
100; 0 110 2 0 1 0 1
Space group #37 : Ccc2
(hkl; d) weak g010
00 1
2
g0101¯
2
0 1
2
g100
00 1
2
g100
0 1
2
1
2
2001
001; d0 000 1 1 1 1 0
1¯10; 0 110 0 1 0 1 0
010; 0 110 1 0 0 1 1
Space group #38 : Amm2
(hkl; d) weak m010(2) m
100
(2) g
010
00 1
2
2001 20011
01¯1; d0 011 0 00 1 0 1
010; 0 011 2 00 0 1 0
100; 0 100 0 11 0 1 1
100; 1
2
100 0 11¯ 0 0 0
Space group #39 : Aem2
(hkl; d) weak m010(2) g
010
00 1
2
g100
00 1
2
2001 20011
001; d0 011 0 1 1 0 1
010; 0 011 0 1 0 1 0
010; 1
2
011 2 0 0 0 1
100; 0 100 0 0 1 1 1
Space group #40 : Ama2
Continued on next column
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(hkl; d) weak m100(2) g
010
1
2
00
g0101
2
0 1
2
2001 20011
01¯1; d0 011 00 0 1 0 1
010; 0 011 00 1 0 1 0
100; 1
4
000 20 1 1 0 0
Space group #41 : Aea2
(hkl; d) weak g0101
2
00
g0101
2
0 1
2
g100
00 1
2
2001 20011
001; d0 011 0 1 1 0 1
010; 0 011 0 1 0 1 0
010; 1
2
011 1 0 0 0 1
Space group #42 : Fmm2
(hkl; d) weak m010(2) m
100
(2) g
010
1
2
00
g100
0 1
2
0
2001 20011
100; 0 011 0 2 1 0 1 1
100; 1
2
011 0 0 1 1 0 0
010; 0 101 2 0 0 1 1 0
010; 1
2
101 0 0 1 1 0 1
Space group #43 : Fdd2
(hkl; d) weak g0101
4
0 1¯
4
g0101
4
0 1
4
g100
0 1
4
1
4
g100
0 1
4
1¯
4
2001 20011
111¯; d0 000 1 1 1 1 0 0
100; 0 000 1 1 0 0 1 1
Space group #44 : Imm2
(hkl; d) weak m010(2) m
100
(2) g
010
1
2
0 1
2
g100
0 1
2
1
2
2001 20011
110; 0 111 0 0 1 1 0 1
010; 0 111 2 0 0 1 1 0
1¯00; 0 111 0 2 1 0 1 0
Space group #45 : Iba2
(hkl; d) weak g010
00 1
2
g0101
2
00
g100
00 1
2
g100
0 1
2
0
2001 20011
110; 0 111 0 1 0 1 0 1
001; d0 111 1 0 1 0 0 1
010; 0 111 1 0 0 1 1 0
Space group #46 : Ima2
(hkl; d) weak m100(2) g
010
00 1
2
g0101
2
00
g100
0 1
2
1
2
2001 20011
110; 0 111 0 0 1 1 1 0
01¯1; d0 111 0 1 0 1 0 1
1¯00; 1
2
111 2 0 1 0 0 1
Space group #75 : P4
(hkl; d) weak 2001 4001
001; d0 001 0 0
010; 0 110 0 1
010; 1
2
110 0 0
Space group #76 : P41
(hkl; d) weak 20011 4
001
1
001; d0 000 0 1
010; 0 110 0 1
Space group #77 : P42
(hkl; d) weak 2001 40012
001; d0 000 0 1
010; 0 110 0 1
Space group #78 : P43
(hkl; d) weak 20011 4
001
3
001; d0 000 0 1
010; 0 110 0 1
Space group #79 : I4
(hkl; d) weak 2001 4001 20011 4
001
2
110; 0 111 0 1 1 0
Continued on next column
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110; 1
2
111 0 0 1 1
Space group #80 : I41
(hkl; d) weak 2001 20011 4
001
1 4
001
3
110; 0 111 1 0 1 0
110; 1
2
111 1 0 0 1
Space group #81 : P 4¯
(hkl; d) weak 2001 4¯001
001; 0 001 0 1
001; 1
2
001 0 0
010; 0 110 0 1
Space group #82 : I 4¯
(hkl; d) weak 2001 20011 4¯
001
110; 0 111 0 1 1
110; 1
2
111 0 1 0
Space group #89 : P422
(hkl; d) weak 2001 2100 2110 4001 21101
001; 0 001 0 1 1 0 0
001; 1
2
001 0 0 0 0 1
010; 0 110 0 1 0 1 1
010; 1
2
110 0 0 0 0 1
Space group #90 : P4212
(hkl; d) weak 2001 2110 4001 21001 2
110
1
001; 0 001 0 1 0 1 0
001; 1
2
001 0 0 0 0 1
010; 0 000 0 0 1 1 0
Space group #91 : P4122
(hkl; d) weak 2100 2110 20011 2
110
1 4
001
1
001; 0 000 1 0 0 0 1
001; 1
8
000 0 1 0 1 1
010; 0 110 1 0 0 1 1
Space group #92 : P41212
(hkl; d) weak 2110 20011 2
100
1 2
110
1 4
001
1
001; 1
8
000 0 0 1 0 1
001; 1
4
000 1 0 0 1 1
Space group #93 : P4222
(hkl; d) weak 2001 2100 2110 21101 4
001
2
001; 0 000 0 1 0 0 1
001; 1
4
000 0 0 1 1 1
010; 0 110 0 1 0 1 1
Space group #94 : P42212
(hkl; d) weak 2001 2110 21001 2
110
1 4
001
2
001; 1
4
000 0 0 1 0 1
001; 0 000 0 1 0 1 1
Space group #95 : P4322
(hkl; d) weak 2100 2110 20011 2
110
1 4
001
3
001; 0 000 1 0 0 0 1
001; 3
8
000 0 1 0 1 1
010; 0 110 1 0 0 1 1
Space group #96 : P43212
(hkl; d) weak 2110 20011 2
100
1 2
110
1 4
001
3
001; 3
8
000 0 0 1 0 1
001; 1
4
000 1 0 0 1 1
Space group #97 : I422
(hkl; d) weak 2001 2100 2110 4001 20011 2
100
1 2
110
1 4
001
2
110; 0 111 0 0 1 1 1 1 0 0
110; 1
2
111 0 0 0 0 1 1 1 1
Continued on next column
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001; 0 111 0 1 1 0 1 0 0 1
Space group #98 : I4122
(hkl; d) weak 2001 2100 2110 20011 2
100
1 2
110
1 4
001
1 4
001
3
110; 0 111 1 0 0 0 1 1 1 0
110; 1
2
111 1 0 1 0 1 0 0 1
101; 1
8
000 0 1 0 0 1 0 1 1
Space group #99 : P4mm
(hkl; d) weak m100(2) m
110
(2) g
110
1¯
2
1
2
0
2001 4001
001; d0 001 00 0 0 0 0
010; 0 110 11 0 1 0 1
010; 1
2
110 11¯ 0 1 0 0
110; 0 000 00 2 1 0 1
Space group #100 : P4bm
(hkl; d) weak m110(2) g
100
0 1
2
0
g1101¯
2
1
2
0
2001 4001
001; d0 001 0 0 0 0 0
010; 0 000 0 1 0 0 1
110; 1
2
000 2 1 1 0 0
Space group #101 : P42cm
(hkl; d) weak m110(2) g
100
00 1
2
g1101¯
2
1
2
0
2001 40012
001; d0 000 0 1 0 0 1
010; 0 110 0 1 1 0 1
110; 0 000 2 0 1 0 1
Space group #102 : P42cm
(hkl; d) weak m110(2) g
100
0 1
2
1
2
g1101¯
2
1
2
0
2001 40012
001; d0 000 0 1 0 0 1
110; 0 000 2 1 1 0 0
Space group #103 : P4cc
(hkl; d) weak g100
00 1
2
g110
00 1
2
g1101¯
2
1
2
1
2
2001 4001
001; d0 000 1 1 1 0 0
010; 0 110 1 0 1 0 1
010; 1
2
110 0 0 1 0 0
Space group #104 : P4nc
(hkl; d) weak g100
0 1
2
1
2
g110
00 1
2
g1101¯
2
1
2
1
2
2001 4001
001; d0 000 1 1 1 0 0
010; 0 000 1 0 0 0 1
Space group #105 : P42mc
(hkl; d) weak m100(2) g
110
00 1
2
g1101¯
2
1
2
1
2
2001 40012
001; d0 000 00 1 1 0 1
010; 0 110 11 0 1 0 1
010; 1
2
110 11¯ 0 1 0 0
Space group #106 : P42bc
(hkl; d) weak g100
0 1
2
0
g110
00 1
2
g1101¯
2
1
2
1
2
2001 40012
001; d0 000 0 1 1 0 1
010; 0 000 1 0 0 0 1
Space group #107 : I4mm
(hkl; d) weak m100(2) m
110
(2) g
100
0 1
2
1
2
g110
00 1
2
2001 4001 20011 4
001
2
110; 0 111 0 2 1 0 0 1 1 0
110; 1
2
111 0 0 1 1 0 0 1 1
010; 0 000 2 0 1 0 0 1 0 1
Space group #108 : I4cm
(hkl; d) weak m110(2) g
100
00 1
2
g100
0 1
2
0
g110
00 1
2
2001 4001 20011 4
001
2
110; 0 111 0 0 1 1 0 1 1 0
110; 1
2
111 2 0 1 0 0 0 1 1
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001; d0 111 0 1 0 1 0 0 1 1
Space group #109 : I41md
(hkl; d) weak m100(2) g
100
0 1
2
1
2
g1101
4
1¯
4
1
4
g1101¯
4
1
4
1
4
2001 20011 4
001
1 4
001
3
110; 0 000 0 0 1 1 0 0 1 1
010; 0 000 2 1 1 1 0 0 0 0
Space group #110 : I41cd
(hkl; d) weak g100
00 1
2
g100
0 1
2
0
g1101
4
1¯
4
1
4
g1101¯
4
1
4
1
4
2001 20011 4
001
1 4
001
3
110; 0 000 0 0 1 1 0 0 1 1
010; 0 000 1 1 1 1 0 0 0 0
Space group #111 : P 4¯2m
(hkl; d) weak m110(2) g
110
1¯
2
1
2
0
2001 2100 4¯001
001; 0 001 0 0 0 1 1
001; 1
2
001 0 0 0 0 0
010; 0 110 0 1 0 1 1
110; 0 000 2 1 0 0 1
Space group #112 : P 4¯2c
(hkl; d) weak g110
00 1
2
g1101¯
2
1
2
1
2
2001 2100 4¯001
001; 0 000 1 1 0 0 1
001; 1
4
000 1 1 0 1 0
010; 0 110 0 1 0 1 1
Space group #113 : P 4¯21m
(hkl; d) weak m110(2) g
110
1¯
2
1
2
0
2001 21001 4¯
001
001; 0 001 0 0 0 1 1
001; 1
2
001 0 0 0 0 0
110; 1
2
000 2 1 0 1 0
Space group #114 : P 4¯21c
(hkl; d) weak g110
00 1
2
g1101¯
2
1
2
1
2
2001 21001 4¯
001
001; 0 000 1 1 0 0 1
001; 1
4
000 1 1 0 1 0
Space group #115 : P 4¯m2
(hkl; d) weak m100(2) 2
001 2110 21101 4¯
001
001; 0 001 00 0 1 0 1
001; 1
2
001 00 0 0 1 0
010; 0 110 11 0 0 1 1
010; 1
2
110 11¯ 0 0 1 0
Space group #116 : P 4¯c2
(hkl; d) weak g100
00 1
2
2001 2110 21101 4¯
001
001; 0 000 1 0 0 0 1
001; 1
4
000 1 0 1 1 0
010; 0 110 1 0 0 1 1
Space group #117 : P 4¯b2
(hkl; d) weak g100
0 1
2
0
2001 2110 21101 4¯
001
001; 0 001 0 0 0 1 1
001; 1
2
001 0 0 1 0 0
010; 0 000 1 0 0 0 1
Space group #118 : P 4¯n2
(hkl; d) weak g100
0 1
2
1
2
2001 2110 21101 4¯
001
001; 0 000 1 0 0 0 1
001; 1
4
000 1 0 1 1 0
Space group #119 : I 4¯m2
(hkl; d) weak m100(2) g
100
0 1
2
1
2
2001 2110 20011 2
110
1 4¯
001
110; 0 111 0 1 0 1 1 0 1
110; 1
2
111 0 1 0 0 1 1 0
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010; 0 000 2 1 0 0 0 0 1
Space group #120 : I 4¯c2
(hkl; d) weak g100
00 1
2
g100
0 1
2
0
2001 2110 20011 2
110
1 4¯
001
110; 0 111 0 1 0 1 1 0 1
110; 1
2
111 0 1 0 0 1 1 0
001; 0 111 1 0 0 0 1 1 1
Space group #121 : I 4¯2m
(hkl; d) weak m110(2) g
110
00 1
2
2001 2100 20011 2
100
1 4¯
001
110; 0 111 2 0 0 0 1 1 1
110; 1
2
111 0 1 0 0 1 1 0
001; 0 111 0 1 0 1 1 0 1
Space group #122 : I 4¯2d
(hkl; d) weak g1101
4
1¯
4
1
4
g1101¯
4
1
4
1
4
2001 2100 20011 2
100
1 4¯
001
110; 0 000 1 1 0 0 0 0 1
101; 1
8
000 1 1 0 1 0 1 0
Space group #143 : P3
(hkl; d) weak
001; d0 001
Space group #144 : P31
(hkl; d) weak
001; d0 001
Space group #145 : P32
(hkl; d) weak
001; d0 001
Space group #146 : R3
(hkl; d) weak
01¯1; d0 111
Space group #149 : P312
(hkl; d) weak 2120 21201
001; 0 001 1 1
001; 1
2
001 0 0
Space group #150 : P321
(hkl; d) weak 2100 21001
001; 0 001 1 1
001; 1
2
001 0 0
Space group #151 : P3112
(hkl; d) weak 2120 21201
001; 1
3
001 0 0
001; 5
6
001 1 1
Space group #152 : P3121
(hkl; d) weak 2100 21001
001; 0 001 1 1
001; 1
2
001 0 0
Space group #153 : P3212
(hkl; d) weak 2120 21201
001; 1
6
001 0 0
001; 2
3
001 1 1
Space group #154 : P3221
(hkl; d) weak 2100 21001
001; 0 001 0 1
001; 1
2
001 1 0
Space group #155 : R32
(hkl; d) weak 2100 21001
01¯1; 0 111 1 1
Continued on next column
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01¯1; 1
2
111 0 0
Space group #156 : P3m1
(hkl; d) weak m2¯10(2) g
2¯10
1
2
10
001; d0 001 0 0
110; 0 000 2 1
Space group #157 : P31m
(hkl; d) weak m010(2) g
010
1
2
00
001; d0 001 0 0
010; 0 000 2 1
Space group #158 : P3c1
(hkl; d) weak g2¯10
00 1
2
g2¯101
2
1 1
2
001; d0 000 1 1
Space group #159 : P31c
(hkl; d) weak g010
00 1
2
g0101
2
0 1
2
001; d0 000 1 1
Space group #160 : R3m
(hkl; d) weak m2¯10(2) g
2¯10
1
6
1
3
1
3
01¯1; d0 111 0 1
1¯20; 0 000 2 1
Space group #161 : R3c
(hkl; d) weak g2¯101¯
6
1¯
3
1
6
g2¯10
00 1
2
01¯1; d0 000 1 1
Space group #168 : P6
(hkl; d) weak 2001 6001
001; d0 001 0 0
010; 0 000 1 1
Space group #169 : P61
(hkl; d) weak 20011 6
001
1
001; d0 000 1 1
Space group #170 : P65
(hkl; d) weak 20011 6
001
5
001; d0 000 1 1
Space group #171 : P62
(hkl; d) weak 2001 60012
001; d0 001 0 1
010; 0 000 1 1
Space group #172 : P64
(hkl; d) weak 2001 60014
001; d0 001 0 0
010; 0 000 1 1
Space group #173 : P63
(hkl; d) weak 20011 6
001
3
001; d0 000 1 1
Space group #177 : P622
(hkl; d) weak 2001 2010 211¯0 6001 20101 2
11¯0
1
001; 0 001 0 1 1 0 0 0
001; 1
2
001 0 0 0 0 1 1
010; 0 000 1 1 0 1 1 0
Space group #178 : P6122
(hkl; d) weak 2010 211¯0 20011 2
010
1 2
11¯0
1 6
001
1
001; 1
6
000 1 0 1 1 0 1
001; 1
4
000 0 1 1 0 1 1
Space group #179 : P6522
Continued on next column
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(hkl; d) weak 2010 211¯0 20011 2
010
1 2
11¯0
1 6
001
5
001; 1
3
000 1 0 1 1 0 1
001; 1
4
000 0 1 1 0 1 1
Space group #180 : P6222
(hkl; d) weak 2001 2010 211¯0 20101 2
11¯0
1 6
001
2
001; 1
3
001 0 0 1 1 0 1
001; 5
6
001 0 1 0 0 1 1
010; 0 000 1 1 0 1 0 1
Space group #181 : P6422
(hkl; d) weak 2001 2010 211¯0 20101 2
11¯0
1 6
001
4
001; 1
6
001 0 0 1 1 0 0
001; 2
3
001 0 1 0 0 1 0
010; 0 000 1 1 0 1 0 1
Space group #182 : P6322
(hkl; d) weak 2010 211¯0 20011 2
010
1 2
11¯0
1 6
001
3
001; 0 000 1 0 1 1 0 1
001; 1
4
000 0 1 1 0 1 1
Space group #183 : P6mm
(hkl; d) weak m1¯20(2) m
11¯0
(2) g
1¯20
1 1
2
0
g11¯01
2
1
2
0
2001 6001
001; d0 001 0 0 0 0 0 0
010; 0 000 0 2 0 1 1 1
110; 0 000 2 0 1 0 1 1
Space group #184 : P6cc
(hkl; d) weak g1¯20
00 1
2
g1¯20
1 1
2
1
2
g11¯0
00 1
2
g11¯01
2
1
2
1
2
2001 6001
001; d0 000 1 1 1 1 0 0
010; 0 000 0 0 1 1 1 1
Space group #185 : P63cm
(hkl; d) weak m11¯0(2) g
1¯20
00 1
2
g1¯20
1 1
2
1
2
g11¯01
2
1
2
0
20011 6
001
3
001; d0 000 0 1 1 0 1 1
010; 0 000 2 0 0 1 1 1
Space group #186 : P63mc
(hkl; d) weak m1¯20(2) g
1¯20
1 1
2
0
g11¯0
00 1
2
g11¯01
2
1
2
1
2
20011 6
001
3
001; d0 000 0 0 1 1 1 1
110; 0 000 2 1 0 0 1 1
Space group #195 : P23
(hkl; d) weak 2001
001; 0 111 0
Space group #196 : F23
(hkl; d) weak 2001 20011
Space group #197 : I23
(hkl; d) weak 2001 20011
110; 0 111 0 1
Space group #198 : P213
(hkl; d) weak 20011
Space group #199 : I213
(hkl; d) weak 2001 20011
110; 1
4
111 1 0
Space group #207 : P432
(hkl; d) weak 2001 2011 4001 20111
001; 0 111 0 1 1 0
001; 1
2
111 0 0 0 1
Space group #208 : P4232
(hkl; d) weak 2001 2011 20111 4
001
2
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001; 1
4
000 0 1 1 1
Space group #209 : F432
(hkl; d) weak 2001 2011 4001 20011 2
011
1 4
001
2
100; 0 000 0 1 1 0 1 1
Space group #210 : F4132
(hkl; d) weak 2001 2011 20011 2
011
1 4
001
1 4
001
3
111¯; 1
8
000 0 1 0 1 1 1
Space group #211 : I432
(hkl; d) weak 2001 2011 4001 20011 2
011
1 4
001
2
110; 0 111 0 1 1 1 0 0
110; 1
2
111 0 0 0 1 1 1
Space group #212 : P4332
(hkl; d) weak 2011 20011 2
011
1 4
001
3
001; 3
8
000 1 0 1 1
Space group #213 : P4132
(hkl; d) weak 2011 20011 2
011
1 4
001
1
001; 1
8
000 1 0 1 1
Space group #214 : I4132
(hkl; d) weak 2001 2011 20011 2
011
1 4
001
1 4
001
3
110; 1
4
111 1 0 0 1 0 1
110; 3
4
111 1 1 0 0 1 0
Space group #215 : P 4¯3m
(hkl; d) weak m011(2) g
011
0 1¯
2
1
2
2001 4¯001
001; 0 111 0 1 0 0
011; 0 000 2 1 0 1
Space group #216 : F 4¯3m
(hkl; d) weak m011(2) g
011
1
2
1¯
4
1
4
2001 20011 4¯
001
01¯1; 0 000 2 1 0 0 1
Space group #217 : I 4¯3m
(hkl; d) weak m011(2) g
011
1
2
00
2001 20011 4¯
001
110; 0 111 2 0 0 1 1
110; 1
2
111 0 1 0 1 0
Space group #218 : P 4¯3n
(hkl; d) weak g0111
2
00
g0111
2
1¯
2
1
2
2001 4¯001
001; 1
4
000 1 1 0 1
Space group #219 : F 4¯3c
(hkl; d) weak g0111
2
00
g011
0 1¯
4
1
4
2001 20011 4¯
001
100; 0 000 1 1 0 0 1
Space group #220 : I 4¯3d
(hkl; d) weak g0111
4
1
4
1¯
4
g0111
4
1¯
4
1
4
2001 20011 4¯
001
110; 1
4
000 1 1 0 0 1
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TABLE VII: Mapping from SI to TCI invariants in all SGs with nontrivial SI groups.
SI Invariants
Space group #2 : P 1¯
Z2,2,2,4 weak i
0000 000 0
0002 000 1
0010 001 0
0012 001 1
0100 010 0
0102 010 1
0110 011 0
0112 011 1
1000 100 0
1002 100 1
1010 101 0
1012 101 1
1100 110 0
1102 110 1
1110 111 0
1112 111 1
Space group #10 : P2/m
Z2,2,2,4 weak m010(2) 2010 i
0000 000 00 0 0
0000 000 02 1 0
0000 000 20 1 0
0000 000 22 0 0
0002 000 00 1 1
0002 000 02 0 1
0002 000 20 0 1
0002 000 22 1 1
0010 001 00 0 0
0010 001 02 1 0
0010 001 20 1 0
0010 001 22 0 0
0012 001 00 1 1
0012 001 02 0 1
0012 001 20 0 1
0012 001 22 1 1
0100 010 11 1 0
0100 010 11¯ 0 0
0100 010 1¯1 0 0
0100 010 1¯1¯ 1 0
0102 010 11 0 1
0102 010 11¯ 1 1
0102 010 1¯1 1 1
0102 010 1¯1¯ 0 1
0110 011 11 1 0
0110 011 11¯ 0 0
0110 011 1¯1 0 0
0110 011 1¯1¯ 1 0
0112 011 11 0 1
0112 011 11¯ 1 1
0112 011 1¯1 1 1
0112 011 1¯1¯ 0 1
1000 100 00 0 0
1000 100 02 1 0
1000 100 20 1 0
1000 100 22 0 0
1002 100 00 1 1
1002 100 02 0 1
1002 100 20 0 1
Continued on next page
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1002 100 22 1 1
1010 101 00 0 0
1010 101 02 1 0
1010 101 20 1 0
1010 101 22 0 0
1012 101 00 1 1
1012 101 02 0 1
1012 101 20 0 1
1012 101 22 1 1
1100 110 11 1 0
1100 110 11¯ 0 0
1100 110 1¯1 0 0
1100 110 1¯1¯ 1 0
1102 110 11 0 1
1102 110 11¯ 1 1
1102 110 1¯1 1 1
1102 110 1¯1¯ 0 1
1110 111 11 1 0
1110 111 11¯ 0 0
1110 111 1¯1 0 0
1110 111 1¯1¯ 1 0
1112 111 11 0 1
1112 111 11¯ 1 1
1112 111 1¯1 1 1
1112 111 1¯1¯ 0 1
Space group #11 : P21/m
Z2,2,2,4 weak m010(2) i 20101
0000 000 00 0 0
0000 000 20 0 1
0002 000 00 1 1
0002 000 20 1 0
0010 001 00 0 0
0010 001 20 0 1
0012 001 00 1 1
0012 001 20 1 0
1000 100 00 0 0
1000 100 20 0 1
1002 100 00 1 1
1002 100 20 1 0
1010 101 00 0 0
1010 101 20 0 1
1012 101 00 1 1
1012 101 20 1 0
Space group #12 : C2/m
Z2,2,2,4 weak m010(2) g0101¯
2
00
2010 i 20101
0000 000 0 0 0 0 0
0000 000 2 1 1 0 1
0002 000 0 0 1 1 1
0002 000 2 1 0 1 0
0010 001 0 0 0 0 0
0010 001 2 1 1 0 1
0012 001 0 0 1 1 1
0012 001 2 1 0 1 0
1100 110 0 1 0 0 1
1100 110 2 0 1 0 0
1102 110 0 1 1 1 0
1102 110 2 0 0 1 1
1110 111 0 1 0 0 1
1110 111 2 0 1 0 0
1112 111 0 1 1 1 0
Continued on next page
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1112 111 2 0 0 1 1
Space group #13 : P2/c
Z2,2,2,4 weak g01000 1
2
2010 i
0000 000 0 0 0
0000 000 1 1 0
0002 000 0 1 1
0002 000 1 0 1
0100 010 0 0 0
0100 010 1 1 0
0102 010 0 1 1
0102 010 1 0 1
1000 100 0 0 0
1000 100 1 1 0
1002 100 0 1 1
1002 100 1 0 1
1100 110 0 0 0
1100 110 1 1 0
1102 110 0 1 1
1102 110 1 0 1
Space group #14 : P21/c
Z2,2,2,4 weak g01000 1
2
i 20101
0000 000 0 0 0
0000 000 1 0 1
0002 000 0 1 1
0002 000 1 1 0
1000 100 0 0 0
1000 100 1 0 1
1002 100 0 1 1
1002 100 1 1 0
Space group #15 : C2/c
Z2,2,2,4 weak g01000 1
2
g0101¯
2
0 1
2
2010 i 20101
0000 000 0 0 0 0 0
0000 000 1 1 1 0 1
0002 000 0 0 1 1 1
0002 000 1 1 0 1 0
1100 110 0 1 0 0 1
1100 110 1 0 1 0 0
1102 110 0 1 1 1 0
1102 110 1 0 0 1 1
Space group #47 : Pmmm
Z2,2,2,4 weak m001(2) m010(2) m100(2) 2001 2010 2100 i
0000 000 00 00 00 0 0 0 0
0000 000 00 00 22 0 0 0 0
0000 000 00 02 02 0 1 1 0
0000 000 00 02 20 0 1 1 0
0000 000 00 20 02 0 1 1 0
0000 000 00 20 20 0 1 1 0
0000 000 00 22 00 0 0 0 0
0000 000 00 22 22 0 0 0 0
0000 000 02 00 02 1 0 1 0
0000 000 02 00 20 1 0 1 0
0000 000 02 02 00 1 1 0 0
0000 000 02 02 22 1 1 0 0
0000 000 02 20 00 1 1 0 0
0000 000 02 20 22 1 1 0 0
0000 000 02 22 02 1 0 1 0
0000 000 02 22 20 1 0 1 0
0000 000 20 00 02 1 0 1 0
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0000 000 20 00 20 1 0 1 0
0000 000 20 02 00 1 1 0 0
0000 000 20 02 22 1 1 0 0
0000 000 20 20 00 1 1 0 0
0000 000 20 20 22 1 1 0 0
0000 000 20 22 02 1 0 1 0
0000 000 20 22 20 1 0 1 0
0000 000 22 00 00 0 0 0 0
0000 000 22 00 22 0 0 0 0
0000 000 22 02 02 0 1 1 0
0000 000 22 02 20 0 1 1 0
0000 000 22 20 02 0 1 1 0
0000 000 22 20 20 0 1 1 0
0000 000 22 22 00 0 0 0 0
0000 000 22 22 22 0 0 0 0
0002 000 00 00 02 1 1 0 1
0002 000 00 00 20 1 1 0 1
0002 000 00 02 00 1 0 1 1
0002 000 00 02 22 1 0 1 1
0002 000 00 20 00 1 0 1 1
0002 000 00 20 22 1 0 1 1
0002 000 00 22 02 1 1 0 1
0002 000 00 22 20 1 1 0 1
0002 000 02 00 00 0 1 1 1
0002 000 02 00 22 0 1 1 1
0002 000 02 02 02 0 0 0 1
0002 000 02 02 20 0 0 0 1
0002 000 02 20 02 0 0 0 1
0002 000 02 20 20 0 0 0 1
0002 000 02 22 00 0 1 1 1
0002 000 02 22 22 0 1 1 1
0002 000 20 00 00 0 1 1 1
0002 000 20 00 22 0 1 1 1
0002 000 20 02 02 0 0 0 1
0002 000 20 02 20 0 0 0 1
0002 000 20 20 02 0 0 0 1
0002 000 20 20 20 0 0 0 1
0002 000 20 22 00 0 1 1 1
0002 000 20 22 22 0 1 1 1
0002 000 22 00 02 1 1 0 1
0002 000 22 00 20 1 1 0 1
0002 000 22 02 00 1 0 1 1
0002 000 22 02 22 1 0 1 1
0002 000 22 20 00 1 0 1 1
0002 000 22 20 22 1 0 1 1
0002 000 22 22 02 1 1 0 1
0002 000 22 22 20 1 1 0 1
0010 001 11 00 02 1 0 1 0
0010 001 11 00 20 1 0 1 0
0010 001 11 02 00 1 1 0 0
0010 001 11 02 22 1 1 0 0
0010 001 11 20 00 1 1 0 0
0010 001 11 20 22 1 1 0 0
0010 001 11 22 02 1 0 1 0
0010 001 11 22 20 1 0 1 0
0010 001 11¯ 00 00 0 0 0 0
0010 001 11¯ 00 22 0 0 0 0
0010 001 11¯ 02 02 0 1 1 0
0010 001 11¯ 02 20 0 1 1 0
0010 001 11¯ 20 02 0 1 1 0
0010 001 11¯ 20 20 0 1 1 0
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SI Invariants
0010 001 11¯ 22 00 0 0 0 0
0010 001 11¯ 22 22 0 0 0 0
0010 001 1¯1 00 00 0 0 0 0
0010 001 1¯1 00 22 0 0 0 0
0010 001 1¯1 02 02 0 1 1 0
0010 001 1¯1 02 20 0 1 1 0
0010 001 1¯1 20 02 0 1 1 0
0010 001 1¯1 20 20 0 1 1 0
0010 001 1¯1 22 00 0 0 0 0
0010 001 1¯1 22 22 0 0 0 0
0010 001 1¯1¯ 00 02 1 0 1 0
0010 001 1¯1¯ 00 20 1 0 1 0
0010 001 1¯1¯ 02 00 1 1 0 0
0010 001 1¯1¯ 02 22 1 1 0 0
0010 001 1¯1¯ 20 00 1 1 0 0
0010 001 1¯1¯ 20 22 1 1 0 0
0010 001 1¯1¯ 22 02 1 0 1 0
0010 001 1¯1¯ 22 20 1 0 1 0
0012 001 11 00 00 0 1 1 1
0012 001 11 00 22 0 1 1 1
0012 001 11 02 02 0 0 0 1
0012 001 11 02 20 0 0 0 1
0012 001 11 20 02 0 0 0 1
0012 001 11 20 20 0 0 0 1
0012 001 11 22 00 0 1 1 1
0012 001 11 22 22 0 1 1 1
0012 001 11¯ 00 02 1 1 0 1
0012 001 11¯ 00 20 1 1 0 1
0012 001 11¯ 02 00 1 0 1 1
0012 001 11¯ 02 22 1 0 1 1
0012 001 11¯ 20 00 1 0 1 1
0012 001 11¯ 20 22 1 0 1 1
0012 001 11¯ 22 02 1 1 0 1
0012 001 11¯ 22 20 1 1 0 1
0012 001 1¯1 00 02 1 1 0 1
0012 001 1¯1 00 20 1 1 0 1
0012 001 1¯1 02 00 1 0 1 1
0012 001 1¯1 02 22 1 0 1 1
0012 001 1¯1 20 00 1 0 1 1
0012 001 1¯1 20 22 1 0 1 1
0012 001 1¯1 22 02 1 1 0 1
0012 001 1¯1 22 20 1 1 0 1
0012 001 1¯1¯ 00 00 0 1 1 1
0012 001 1¯1¯ 00 22 0 1 1 1
0012 001 1¯1¯ 02 02 0 0 0 1
0012 001 1¯1¯ 02 20 0 0 0 1
0012 001 1¯1¯ 20 02 0 0 0 1
0012 001 1¯1¯ 20 20 0 0 0 1
0012 001 1¯1¯ 22 00 0 1 1 1
0012 001 1¯1¯ 22 22 0 1 1 1
0100 010 00 11 02 0 1 1 0
0100 010 00 11 20 0 1 1 0
0100 010 00 11¯ 00 0 0 0 0
0100 010 00 11¯ 22 0 0 0 0
0100 010 00 1¯1 00 0 0 0 0
0100 010 00 1¯1 22 0 0 0 0
0100 010 00 1¯1¯ 02 0 1 1 0
0100 010 00 1¯1¯ 20 0 1 1 0
0100 010 02 11 00 1 1 0 0
0100 010 02 11 22 1 1 0 0
0100 010 02 11¯ 02 1 0 1 0
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SI Invariants
0100 010 02 11¯ 20 1 0 1 0
0100 010 02 1¯1 02 1 0 1 0
0100 010 02 1¯1 20 1 0 1 0
0100 010 02 1¯1¯ 00 1 1 0 0
0100 010 02 1¯1¯ 22 1 1 0 0
0100 010 20 11 00 1 1 0 0
0100 010 20 11 22 1 1 0 0
0100 010 20 11¯ 02 1 0 1 0
0100 010 20 11¯ 20 1 0 1 0
0100 010 20 1¯1 02 1 0 1 0
0100 010 20 1¯1 20 1 0 1 0
0100 010 20 1¯1¯ 00 1 1 0 0
0100 010 20 1¯1¯ 22 1 1 0 0
0100 010 22 11 02 0 1 1 0
0100 010 22 11 20 0 1 1 0
0100 010 22 11¯ 00 0 0 0 0
0100 010 22 11¯ 22 0 0 0 0
0100 010 22 1¯1 00 0 0 0 0
0100 010 22 1¯1 22 0 0 0 0
0100 010 22 1¯1¯ 02 0 1 1 0
0100 010 22 1¯1¯ 20 0 1 1 0
0102 010 00 11 00 1 0 1 1
0102 010 00 11 22 1 0 1 1
0102 010 00 11¯ 02 1 1 0 1
0102 010 00 11¯ 20 1 1 0 1
0102 010 00 1¯1 02 1 1 0 1
0102 010 00 1¯1 20 1 1 0 1
0102 010 00 1¯1¯ 00 1 0 1 1
0102 010 00 1¯1¯ 22 1 0 1 1
0102 010 02 11 02 0 0 0 1
0102 010 02 11 20 0 0 0 1
0102 010 02 11¯ 00 0 1 1 1
0102 010 02 11¯ 22 0 1 1 1
0102 010 02 1¯1 00 0 1 1 1
0102 010 02 1¯1 22 0 1 1 1
0102 010 02 1¯1¯ 02 0 0 0 1
0102 010 02 1¯1¯ 20 0 0 0 1
0102 010 20 11 02 0 0 0 1
0102 010 20 11 20 0 0 0 1
0102 010 20 11¯ 00 0 1 1 1
0102 010 20 11¯ 22 0 1 1 1
0102 010 20 1¯1 00 0 1 1 1
0102 010 20 1¯1 22 0 1 1 1
0102 010 20 1¯1¯ 02 0 0 0 1
0102 010 20 1¯1¯ 20 0 0 0 1
0102 010 22 11 00 1 0 1 1
0102 010 22 11 22 1 0 1 1
0102 010 22 11¯ 02 1 1 0 1
0102 010 22 11¯ 20 1 1 0 1
0102 010 22 1¯1 02 1 1 0 1
0102 010 22 1¯1 20 1 1 0 1
0102 010 22 1¯1¯ 00 1 0 1 1
0102 010 22 1¯1¯ 22 1 0 1 1
0110 011 11 11 00 1 1 0 0
0110 011 11 11 22 1 1 0 0
0110 011 11 11¯ 02 1 0 1 0
0110 011 11 11¯ 20 1 0 1 0
0110 011 11 1¯1 02 1 0 1 0
0110 011 11 1¯1 20 1 0 1 0
0110 011 11 1¯1¯ 00 1 1 0 0
0110 011 11 1¯1¯ 22 1 1 0 0
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SI Invariants
0110 011 11¯ 11 02 0 1 1 0
0110 011 11¯ 11 20 0 1 1 0
0110 011 11¯ 11¯ 00 0 0 0 0
0110 011 11¯ 11¯ 22 0 0 0 0
0110 011 11¯ 1¯1 00 0 0 0 0
0110 011 11¯ 1¯1 22 0 0 0 0
0110 011 11¯ 1¯1¯ 02 0 1 1 0
0110 011 11¯ 1¯1¯ 20 0 1 1 0
0110 011 1¯1 11 02 0 1 1 0
0110 011 1¯1 11 20 0 1 1 0
0110 011 1¯1 11¯ 00 0 0 0 0
0110 011 1¯1 11¯ 22 0 0 0 0
0110 011 1¯1 1¯1 00 0 0 0 0
0110 011 1¯1 1¯1 22 0 0 0 0
0110 011 1¯1 1¯1¯ 02 0 1 1 0
0110 011 1¯1 1¯1¯ 20 0 1 1 0
0110 011 1¯1¯ 11 00 1 1 0 0
0110 011 1¯1¯ 11 22 1 1 0 0
0110 011 1¯1¯ 11¯ 02 1 0 1 0
0110 011 1¯1¯ 11¯ 20 1 0 1 0
0110 011 1¯1¯ 1¯1 02 1 0 1 0
0110 011 1¯1¯ 1¯1 20 1 0 1 0
0110 011 1¯1¯ 1¯1¯ 00 1 1 0 0
0110 011 1¯1¯ 1¯1¯ 22 1 1 0 0
0112 011 11 11 02 0 0 0 1
0112 011 11 11 20 0 0 0 1
0112 011 11 11¯ 00 0 1 1 1
0112 011 11 11¯ 22 0 1 1 1
0112 011 11 1¯1 00 0 1 1 1
0112 011 11 1¯1 22 0 1 1 1
0112 011 11 1¯1¯ 02 0 0 0 1
0112 011 11 1¯1¯ 20 0 0 0 1
0112 011 11¯ 11 00 1 0 1 1
0112 011 11¯ 11 22 1 0 1 1
0112 011 11¯ 11¯ 02 1 1 0 1
0112 011 11¯ 11¯ 20 1 1 0 1
0112 011 11¯ 1¯1 02 1 1 0 1
0112 011 11¯ 1¯1 20 1 1 0 1
0112 011 11¯ 1¯1¯ 00 1 0 1 1
0112 011 11¯ 1¯1¯ 22 1 0 1 1
0112 011 1¯1 11 00 1 0 1 1
0112 011 1¯1 11 22 1 0 1 1
0112 011 1¯1 11¯ 02 1 1 0 1
0112 011 1¯1 11¯ 20 1 1 0 1
0112 011 1¯1 1¯1 02 1 1 0 1
0112 011 1¯1 1¯1 20 1 1 0 1
0112 011 1¯1 1¯1¯ 00 1 0 1 1
0112 011 1¯1 1¯1¯ 22 1 0 1 1
0112 011 1¯1¯ 11 02 0 0 0 1
0112 011 1¯1¯ 11 20 0 0 0 1
0112 011 1¯1¯ 11¯ 00 0 1 1 1
0112 011 1¯1¯ 11¯ 22 0 1 1 1
0112 011 1¯1¯ 1¯1 00 0 1 1 1
0112 011 1¯1¯ 1¯1 22 0 1 1 1
0112 011 1¯1¯ 1¯1¯ 02 0 0 0 1
0112 011 1¯1¯ 1¯1¯ 20 0 0 0 1
1000 100 00 00 11¯ 0 0 0 0
1000 100 00 00 1¯1 0 0 0 0
1000 100 00 02 11 0 1 1 0
1000 100 00 02 1¯1¯ 0 1 1 0
1000 100 00 20 11 0 1 1 0
Continued on next page
54
TABLE VII – continued
SI Invariants
1000 100 00 20 1¯1¯ 0 1 1 0
1000 100 00 22 11¯ 0 0 0 0
1000 100 00 22 1¯1 0 0 0 0
1000 100 02 00 11 1 0 1 0
1000 100 02 00 1¯1¯ 1 0 1 0
1000 100 02 02 11¯ 1 1 0 0
1000 100 02 02 1¯1 1 1 0 0
1000 100 02 20 11¯ 1 1 0 0
1000 100 02 20 1¯1 1 1 0 0
1000 100 02 22 11 1 0 1 0
1000 100 02 22 1¯1¯ 1 0 1 0
1000 100 20 00 11 1 0 1 0
1000 100 20 00 1¯1¯ 1 0 1 0
1000 100 20 02 11¯ 1 1 0 0
1000 100 20 02 1¯1 1 1 0 0
1000 100 20 20 11¯ 1 1 0 0
1000 100 20 20 1¯1 1 1 0 0
1000 100 20 22 11 1 0 1 0
1000 100 20 22 1¯1¯ 1 0 1 0
1000 100 22 00 11¯ 0 0 0 0
1000 100 22 00 1¯1 0 0 0 0
1000 100 22 02 11 0 1 1 0
1000 100 22 02 1¯1¯ 0 1 1 0
1000 100 22 20 11 0 1 1 0
1000 100 22 20 1¯1¯ 0 1 1 0
1000 100 22 22 11¯ 0 0 0 0
1000 100 22 22 1¯1 0 0 0 0
1002 100 00 00 11 1 1 0 1
1002 100 00 00 1¯1¯ 1 1 0 1
1002 100 00 02 11¯ 1 0 1 1
1002 100 00 02 1¯1 1 0 1 1
1002 100 00 20 11¯ 1 0 1 1
1002 100 00 20 1¯1 1 0 1 1
1002 100 00 22 11 1 1 0 1
1002 100 00 22 1¯1¯ 1 1 0 1
1002 100 02 00 11¯ 0 1 1 1
1002 100 02 00 1¯1 0 1 1 1
1002 100 02 02 11 0 0 0 1
1002 100 02 02 1¯1¯ 0 0 0 1
1002 100 02 20 11 0 0 0 1
1002 100 02 20 1¯1¯ 0 0 0 1
1002 100 02 22 11¯ 0 1 1 1
1002 100 02 22 1¯1 0 1 1 1
1002 100 20 00 11¯ 0 1 1 1
1002 100 20 00 1¯1 0 1 1 1
1002 100 20 02 11 0 0 0 1
1002 100 20 02 1¯1¯ 0 0 0 1
1002 100 20 20 11 0 0 0 1
1002 100 20 20 1¯1¯ 0 0 0 1
1002 100 20 22 11¯ 0 1 1 1
1002 100 20 22 1¯1 0 1 1 1
1002 100 22 00 11 1 1 0 1
1002 100 22 00 1¯1¯ 1 1 0 1
1002 100 22 02 11¯ 1 0 1 1
1002 100 22 02 1¯1 1 0 1 1
1002 100 22 20 11¯ 1 0 1 1
1002 100 22 20 1¯1 1 0 1 1
1002 100 22 22 11 1 1 0 1
1002 100 22 22 1¯1¯ 1 1 0 1
1010 101 11 00 11 1 0 1 0
1010 101 11 00 1¯1¯ 1 0 1 0
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1010 101 11 02 11¯ 1 1 0 0
1010 101 11 02 1¯1 1 1 0 0
1010 101 11 20 11¯ 1 1 0 0
1010 101 11 20 1¯1 1 1 0 0
1010 101 11 22 11 1 0 1 0
1010 101 11 22 1¯1¯ 1 0 1 0
1010 101 11¯ 00 11¯ 0 0 0 0
1010 101 11¯ 00 1¯1 0 0 0 0
1010 101 11¯ 02 11 0 1 1 0
1010 101 11¯ 02 1¯1¯ 0 1 1 0
1010 101 11¯ 20 11 0 1 1 0
1010 101 11¯ 20 1¯1¯ 0 1 1 0
1010 101 11¯ 22 11¯ 0 0 0 0
1010 101 11¯ 22 1¯1 0 0 0 0
1010 101 1¯1 00 11¯ 0 0 0 0
1010 101 1¯1 00 1¯1 0 0 0 0
1010 101 1¯1 02 11 0 1 1 0
1010 101 1¯1 02 1¯1¯ 0 1 1 0
1010 101 1¯1 20 11 0 1 1 0
1010 101 1¯1 20 1¯1¯ 0 1 1 0
1010 101 1¯1 22 11¯ 0 0 0 0
1010 101 1¯1 22 1¯1 0 0 0 0
1010 101 1¯1¯ 00 11 1 0 1 0
1010 101 1¯1¯ 00 1¯1¯ 1 0 1 0
1010 101 1¯1¯ 02 11¯ 1 1 0 0
1010 101 1¯1¯ 02 1¯1 1 1 0 0
1010 101 1¯1¯ 20 11¯ 1 1 0 0
1010 101 1¯1¯ 20 1¯1 1 1 0 0
1010 101 1¯1¯ 22 11 1 0 1 0
1010 101 1¯1¯ 22 1¯1¯ 1 0 1 0
1012 101 11 00 11¯ 0 1 1 1
1012 101 11 00 1¯1 0 1 1 1
1012 101 11 02 11 0 0 0 1
1012 101 11 02 1¯1¯ 0 0 0 1
1012 101 11 20 11 0 0 0 1
1012 101 11 20 1¯1¯ 0 0 0 1
1012 101 11 22 11¯ 0 1 1 1
1012 101 11 22 1¯1 0 1 1 1
1012 101 11¯ 00 11 1 1 0 1
1012 101 11¯ 00 1¯1¯ 1 1 0 1
1012 101 11¯ 02 11¯ 1 0 1 1
1012 101 11¯ 02 1¯1 1 0 1 1
1012 101 11¯ 20 11¯ 1 0 1 1
1012 101 11¯ 20 1¯1 1 0 1 1
1012 101 11¯ 22 11 1 1 0 1
1012 101 11¯ 22 1¯1¯ 1 1 0 1
1012 101 1¯1 00 11 1 1 0 1
1012 101 1¯1 00 1¯1¯ 1 1 0 1
1012 101 1¯1 02 11¯ 1 0 1 1
1012 101 1¯1 02 1¯1 1 0 1 1
1012 101 1¯1 20 11¯ 1 0 1 1
1012 101 1¯1 20 1¯1 1 0 1 1
1012 101 1¯1 22 11 1 1 0 1
1012 101 1¯1 22 1¯1¯ 1 1 0 1
1012 101 1¯1¯ 00 11¯ 0 1 1 1
1012 101 1¯1¯ 00 1¯1 0 1 1 1
1012 101 1¯1¯ 02 11 0 0 0 1
1012 101 1¯1¯ 02 1¯1¯ 0 0 0 1
1012 101 1¯1¯ 20 11 0 0 0 1
1012 101 1¯1¯ 20 1¯1¯ 0 0 0 1
1012 101 1¯1¯ 22 11¯ 0 1 1 1
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1012 101 1¯1¯ 22 1¯1 0 1 1 1
1100 110 00 11 11 0 1 1 0
1100 110 00 11 1¯1¯ 0 1 1 0
1100 110 00 11¯ 11¯ 0 0 0 0
1100 110 00 11¯ 1¯1 0 0 0 0
1100 110 00 1¯1 11¯ 0 0 0 0
1100 110 00 1¯1 1¯1 0 0 0 0
1100 110 00 1¯1¯ 11 0 1 1 0
1100 110 00 1¯1¯ 1¯1¯ 0 1 1 0
1100 110 02 11 11¯ 1 1 0 0
1100 110 02 11 1¯1 1 1 0 0
1100 110 02 11¯ 11 1 0 1 0
1100 110 02 11¯ 1¯1¯ 1 0 1 0
1100 110 02 1¯1 11 1 0 1 0
1100 110 02 1¯1 1¯1¯ 1 0 1 0
1100 110 02 1¯1¯ 11¯ 1 1 0 0
1100 110 02 1¯1¯ 1¯1 1 1 0 0
1100 110 20 11 11¯ 1 1 0 0
1100 110 20 11 1¯1 1 1 0 0
1100 110 20 11¯ 11 1 0 1 0
1100 110 20 11¯ 1¯1¯ 1 0 1 0
1100 110 20 1¯1 11 1 0 1 0
1100 110 20 1¯1 1¯1¯ 1 0 1 0
1100 110 20 1¯1¯ 11¯ 1 1 0 0
1100 110 20 1¯1¯ 1¯1 1 1 0 0
1100 110 22 11 11 0 1 1 0
1100 110 22 11 1¯1¯ 0 1 1 0
1100 110 22 11¯ 11¯ 0 0 0 0
1100 110 22 11¯ 1¯1 0 0 0 0
1100 110 22 1¯1 11¯ 0 0 0 0
1100 110 22 1¯1 1¯1 0 0 0 0
1100 110 22 1¯1¯ 11 0 1 1 0
1100 110 22 1¯1¯ 1¯1¯ 0 1 1 0
1102 110 00 11 11¯ 1 0 1 1
1102 110 00 11 1¯1 1 0 1 1
1102 110 00 11¯ 11 1 1 0 1
1102 110 00 11¯ 1¯1¯ 1 1 0 1
1102 110 00 1¯1 11 1 1 0 1
1102 110 00 1¯1 1¯1¯ 1 1 0 1
1102 110 00 1¯1¯ 11¯ 1 0 1 1
1102 110 00 1¯1¯ 1¯1 1 0 1 1
1102 110 02 11 11 0 0 0 1
1102 110 02 11 1¯1¯ 0 0 0 1
1102 110 02 11¯ 11¯ 0 1 1 1
1102 110 02 11¯ 1¯1 0 1 1 1
1102 110 02 1¯1 11¯ 0 1 1 1
1102 110 02 1¯1 1¯1 0 1 1 1
1102 110 02 1¯1¯ 11 0 0 0 1
1102 110 02 1¯1¯ 1¯1¯ 0 0 0 1
1102 110 20 11 11 0 0 0 1
1102 110 20 11 1¯1¯ 0 0 0 1
1102 110 20 11¯ 11¯ 0 1 1 1
1102 110 20 11¯ 1¯1 0 1 1 1
1102 110 20 1¯1 11¯ 0 1 1 1
1102 110 20 1¯1 1¯1 0 1 1 1
1102 110 20 1¯1¯ 11 0 0 0 1
1102 110 20 1¯1¯ 1¯1¯ 0 0 0 1
1102 110 22 11 11¯ 1 0 1 1
1102 110 22 11 1¯1 1 0 1 1
1102 110 22 11¯ 11 1 1 0 1
1102 110 22 11¯ 1¯1¯ 1 1 0 1
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1102 110 22 1¯1 11 1 1 0 1
1102 110 22 1¯1 1¯1¯ 1 1 0 1
1102 110 22 1¯1¯ 11¯ 1 0 1 1
1102 110 22 1¯1¯ 1¯1 1 0 1 1
1110 111 11 11 11¯ 1 1 0 0
1110 111 11 11 1¯1 1 1 0 0
1110 111 11 11¯ 11 1 0 1 0
1110 111 11 11¯ 1¯1¯ 1 0 1 0
1110 111 11 1¯1 11 1 0 1 0
1110 111 11 1¯1 1¯1¯ 1 0 1 0
1110 111 11 1¯1¯ 11¯ 1 1 0 0
1110 111 11 1¯1¯ 1¯1 1 1 0 0
1110 111 11¯ 11 11 0 1 1 0
1110 111 11¯ 11 1¯1¯ 0 1 1 0
1110 111 11¯ 11¯ 11¯ 0 0 0 0
1110 111 11¯ 11¯ 1¯1 0 0 0 0
1110 111 11¯ 1¯1 11¯ 0 0 0 0
1110 111 11¯ 1¯1 1¯1 0 0 0 0
1110 111 11¯ 1¯1¯ 11 0 1 1 0
1110 111 11¯ 1¯1¯ 1¯1¯ 0 1 1 0
1110 111 1¯1 11 11 0 1 1 0
1110 111 1¯1 11 1¯1¯ 0 1 1 0
1110 111 1¯1 11¯ 11¯ 0 0 0 0
1110 111 1¯1 11¯ 1¯1 0 0 0 0
1110 111 1¯1 1¯1 11¯ 0 0 0 0
1110 111 1¯1 1¯1 1¯1 0 0 0 0
1110 111 1¯1 1¯1¯ 11 0 1 1 0
1110 111 1¯1 1¯1¯ 1¯1¯ 0 1 1 0
1110 111 1¯1¯ 11 11¯ 1 1 0 0
1110 111 1¯1¯ 11 1¯1 1 1 0 0
1110 111 1¯1¯ 11¯ 11 1 0 1 0
1110 111 1¯1¯ 11¯ 1¯1¯ 1 0 1 0
1110 111 1¯1¯ 1¯1 11 1 0 1 0
1110 111 1¯1¯ 1¯1 1¯1¯ 1 0 1 0
1110 111 1¯1¯ 1¯1¯ 11¯ 1 1 0 0
1110 111 1¯1¯ 1¯1¯ 1¯1 1 1 0 0
1112 111 11 11 11 0 0 0 1
1112 111 11 11 1¯1¯ 0 0 0 1
1112 111 11 11¯ 11¯ 0 1 1 1
1112 111 11 11¯ 1¯1 0 1 1 1
1112 111 11 1¯1 11¯ 0 1 1 1
1112 111 11 1¯1 1¯1 0 1 1 1
1112 111 11 1¯1¯ 11 0 0 0 1
1112 111 11 1¯1¯ 1¯1¯ 0 0 0 1
1112 111 11¯ 11 11¯ 1 0 1 1
1112 111 11¯ 11 1¯1 1 0 1 1
1112 111 11¯ 11¯ 11 1 1 0 1
1112 111 11¯ 11¯ 1¯1¯ 1 1 0 1
1112 111 11¯ 1¯1 11 1 1 0 1
1112 111 11¯ 1¯1 1¯1¯ 1 1 0 1
1112 111 11¯ 1¯1¯ 11¯ 1 0 1 1
1112 111 11¯ 1¯1¯ 1¯1 1 0 1 1
1112 111 1¯1 11 11¯ 1 0 1 1
1112 111 1¯1 11 1¯1 1 0 1 1
1112 111 1¯1 11¯ 11 1 1 0 1
1112 111 1¯1 11¯ 1¯1¯ 1 1 0 1
1112 111 1¯1 1¯1 11 1 1 0 1
1112 111 1¯1 1¯1 1¯1¯ 1 1 0 1
1112 111 1¯1 1¯1¯ 11¯ 1 0 1 1
1112 111 1¯1 1¯1¯ 1¯1 1 0 1 1
1112 111 1¯1¯ 11 11 0 0 0 1
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1112 111 1¯1¯ 11 1¯1¯ 0 0 0 1
1112 111 1¯1¯ 11¯ 11¯ 0 1 1 1
1112 111 1¯1¯ 11¯ 1¯1 0 1 1 1
1112 111 1¯1¯ 1¯1 11¯ 0 1 1 1
1112 111 1¯1¯ 1¯1 1¯1 0 1 1 1
1112 111 1¯1¯ 1¯1¯ 11 0 0 0 1
1112 111 1¯1¯ 1¯1¯ 1¯1¯ 0 0 0 1
Space group #48 : Pnnn
Z2,2,2,4 weak g0011
2
1
2
0
g0101
2
0 1
2
g100
0 1
2
1
2
2001 2010 2100 i
0000 000 0 0 0 0 0 0 0
0000 000 0 1 1 0 1 1 0
0000 000 1 0 1 1 0 1 0
0000 000 1 1 0 1 1 0 0
0002 000 0 0 1 1 1 0 1
0002 000 0 1 0 1 0 1 1
0002 000 1 0 0 0 1 1 1
0002 000 1 1 1 0 0 0 1
Space group #49 : Pccm
Z2,2,2,4 weak m001(2) g01000 1
2
g100
00 1
2
2001 2010 2100 i
0000 000 00 0 0 0 0 0 0
0000 000 00 1 1 0 1 1 0
0000 000 20 0 1 1 0 1 0
0000 000 20 1 0 1 1 0 0
0002 000 00 0 1 1 1 0 1
0002 000 00 1 0 1 0 1 1
0002 000 20 0 0 0 1 1 1
0002 000 20 1 1 0 0 0 1
0100 010 00 0 0 0 0 0 0
0100 010 00 1 1 0 1 1 0
0100 010 20 0 1 1 0 1 0
0100 010 20 1 0 1 1 0 0
0102 010 00 0 1 1 1 0 1
0102 010 00 1 0 1 0 1 1
0102 010 20 0 0 0 1 1 1
0102 010 20 1 1 0 0 0 1
1000 100 00 0 0 0 0 0 0
1000 100 00 1 1 0 1 1 0
1000 100 20 0 1 1 0 1 0
1000 100 20 1 0 1 1 0 0
1002 100 00 0 1 1 1 0 1
1002 100 00 1 0 1 0 1 1
1002 100 20 0 0 0 1 1 1
1002 100 20 1 1 0 0 0 1
1100 110 00 0 0 0 0 0 0
1100 110 00 1 1 0 1 1 0
1100 110 20 0 1 1 0 1 0
1100 110 20 1 0 1 1 0 0
1102 110 00 0 1 1 1 0 1
1102 110 00 1 0 1 0 1 1
1102 110 20 0 0 0 1 1 1
1102 110 20 1 1 0 0 0 1
Space group #50 : Pban
Z2,2,2,4 weak g0011
2
1
2
0
g0101
2
00
g100
0 1
2
0
2001 2010 2100 i
0000 000 0 0 0 0 0 0 0
0000 000 0 1 1 0 1 1 0
0000 000 1 0 1 1 0 1 0
0000 000 1 1 0 1 1 0 0
0002 000 0 0 1 1 1 0 1
0002 000 0 1 0 1 0 1 1
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0002 000 1 0 0 0 1 1 1
0002 000 1 1 1 0 0 0 1
0010 001 0 0 0 0 0 0 0
0010 001 0 1 1 0 1 1 0
0010 001 1 0 1 1 0 1 0
0010 001 1 1 0 1 1 0 0
0012 001 0 0 1 1 1 0 1
0012 001 0 1 0 1 0 1 1
0012 001 1 0 0 0 1 1 1
0012 001 1 1 1 0 0 0 1
Space group #51 : Pmma
Z2,2,2,4 weak m010(2) m100(2) g0011
2
00
2001 2010 i 21001
0000 000 00 00 0 0 0 0 0
0000 000 00 20 1 1 0 0 1
0000 000 02 00 1 1 1 0 0
0000 000 02 20 0 0 1 0 1
0000 000 20 00 1 1 1 0 0
0000 000 20 20 0 0 1 0 1
0000 000 22 00 0 0 0 0 0
0000 000 22 20 1 1 0 0 1
0002 000 00 00 1 0 1 1 1
0002 000 00 20 0 1 1 1 0
0002 000 02 00 0 1 0 1 1
0002 000 02 20 1 0 0 1 0
0002 000 20 00 0 1 0 1 1
0002 000 20 20 1 0 0 1 0
0002 000 22 00 1 0 1 1 1
0002 000 22 20 0 1 1 1 0
0010 001 00 00 0 0 0 0 0
0010 001 00 20 1 1 0 0 1
0010 001 02 00 1 1 1 0 0
0010 001 02 20 0 0 1 0 1
0010 001 20 00 1 1 1 0 0
0010 001 20 20 0 0 1 0 1
0010 001 22 00 0 0 0 0 0
0010 001 22 20 1 1 0 0 1
0012 001 00 00 1 0 1 1 1
0012 001 00 20 0 1 1 1 0
0012 001 02 00 0 1 0 1 1
0012 001 02 20 1 0 0 1 0
0012 001 20 00 0 1 0 1 1
0012 001 20 20 1 0 0 1 0
0012 001 22 00 1 0 1 1 1
0012 001 22 20 0 1 1 1 0
0100 010 11 00 1 1 1 0 0
0100 010 11 20 0 0 1 0 1
0100 010 11¯ 00 0 0 0 0 0
0100 010 11¯ 20 1 1 0 0 1
0100 010 1¯1 00 0 0 0 0 0
0100 010 1¯1 20 1 1 0 0 1
0100 010 1¯1¯ 00 1 1 1 0 0
0100 010 1¯1¯ 20 0 0 1 0 1
0102 010 11 00 0 1 0 1 1
0102 010 11 20 1 0 0 1 0
0102 010 11¯ 00 1 0 1 1 1
0102 010 11¯ 20 0 1 1 1 0
0102 010 1¯1 00 1 0 1 1 1
0102 010 1¯1 20 0 1 1 1 0
0102 010 1¯1¯ 00 0 1 0 1 1
0102 010 1¯1¯ 20 1 0 0 1 0
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TABLE VII – continued
SI Invariants
0110 011 11 00 1 1 1 0 0
0110 011 11 20 0 0 1 0 1
0110 011 11¯ 00 0 0 0 0 0
0110 011 11¯ 20 1 1 0 0 1
0110 011 1¯1 00 0 0 0 0 0
0110 011 1¯1 20 1 1 0 0 1
0110 011 1¯1¯ 00 1 1 1 0 0
0110 011 1¯1¯ 20 0 0 1 0 1
0112 011 11 00 0 1 0 1 1
0112 011 11 20 1 0 0 1 0
0112 011 11¯ 00 1 0 1 1 1
0112 011 11¯ 20 0 1 1 1 0
0112 011 1¯1 00 1 0 1 1 1
0112 011 1¯1 20 0 1 1 1 0
0112 011 1¯1¯ 00 0 1 0 1 1
0112 011 1¯1¯ 20 1 0 0 1 0
Space group #52 : Pnna
Z2,2,2,4 weak g0011
2
00
g0101
2
0 1
2
g100
0 1
2
1
2
2001 2100 i 20101
0000 000 0 0 0 0 0 0 0
0000 000 0 1 1 0 1 0 1
0000 000 1 0 1 1 1 0 0
0000 000 1 1 0 1 0 0 1
0002 000 0 0 1 1 0 1 1
0002 000 0 1 0 1 1 1 0
0002 000 1 0 0 0 1 1 1
0002 000 1 1 1 0 0 1 0
Space group #53 : Pmna
Z2,2,2,4 weak m100(2) g0011
2
00
g0101
2
0 1
2
2010 2100 i 20011
0000 000 00 0 0 0 0 0 0
0000 000 00 1 1 1 0 0 1
0000 000 20 0 1 1 1 0 0
0000 000 20 1 0 0 1 0 1
0002 000 00 0 1 0 1 1 1
0002 000 00 1 0 1 1 1 0
0002 000 20 0 0 1 0 1 1
0002 000 20 1 1 0 0 1 0
0100 010 00 0 0 0 0 0 0
0100 010 00 1 1 1 0 0 1
0100 010 20 0 1 1 1 0 0
0100 010 20 1 0 0 1 0 1
0102 010 00 0 1 0 1 1 1
0102 010 00 1 0 1 1 1 0
0102 010 20 0 0 1 0 1 1
0102 010 20 1 1 0 0 1 0
Space group #54 : Pcca
Z2,2,2,4 weak g0011
2
00
g010
00 1
2
g100
00 1
2
2001 2010 i 21001
0000 000 0 0 0 0 0 0 0
0000 000 0 1 1 0 1 0 1
0000 000 1 0 1 1 0 0 1
0000 000 1 1 0 1 1 0 0
0002 000 0 0 1 1 1 1 0
0002 000 0 1 0 1 0 1 1
0002 000 1 0 0 0 1 1 1
0002 000 1 1 1 0 0 1 0
0100 010 0 0 0 0 0 0 0
0100 010 0 1 1 0 1 0 1
0100 010 1 0 1 1 0 0 1
0100 010 1 1 0 1 1 0 0
0102 010 0 0 1 1 1 1 0
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TABLE VII – continued
SI Invariants
0102 010 0 1 0 1 0 1 1
0102 010 1 0 0 0 1 1 1
0102 010 1 1 1 0 0 1 0
Space group #55 : Pbam
Z2,2,2,4 weak m001(2) g0101
2
00
g100
0 1
2
0
2001 i 20101 2
100
1
0000 000 00 0 0 0 0 0 0
0000 000 00 1 1 0 0 1 1
0000 000 02 0 1 1 0 0 1
0000 000 02 1 0 1 0 1 0
0000 000 20 0 1 1 0 0 1
0000 000 20 1 0 1 0 1 0
0000 000 22 0 0 0 0 0 0
0000 000 22 1 1 0 0 1 1
0002 000 00 0 1 1 1 1 0
0002 000 00 1 0 1 1 0 1
0002 000 02 0 0 0 1 1 1
0002 000 02 1 1 0 1 0 0
0002 000 20 0 0 0 1 1 1
0002 000 20 1 1 0 1 0 0
0002 000 22 0 1 1 1 1 0
0002 000 22 1 0 1 1 0 1
0010 001 11 0 1 1 0 0 1
0010 001 11 1 0 1 0 1 0
0010 001 11¯ 0 0 0 0 0 0
0010 001 11¯ 1 1 0 0 1 1
0010 001 1¯1 0 0 0 0 0 0
0010 001 1¯1 1 1 0 0 1 1
0010 001 1¯1¯ 0 1 1 0 0 1
0010 001 1¯1¯ 1 0 1 0 1 0
0012 001 11 0 0 0 1 1 1
0012 001 11 1 1 0 1 0 0
0012 001 11¯ 0 1 1 1 1 0
0012 001 11¯ 1 0 1 1 0 1
0012 001 1¯1 0 1 1 1 1 0
0012 001 1¯1 1 0 1 1 0 1
0012 001 1¯1¯ 0 0 0 1 1 1
0012 001 1¯1¯ 1 1 0 1 0 0
Space group #56 : Pccn
Z2,2,2,4 weak g0011
2
1
2
0
g010
00 1
2
g100
00 1
2
2001 i 20101 2
100
1
0000 000 0 0 0 0 0 0 0
0000 000 0 1 1 0 0 1 1
0000 000 1 0 1 1 0 0 1
0000 000 1 1 0 1 0 1 0
0002 000 0 0 1 1 1 1 0
0002 000 0 1 0 1 1 0 1
0002 000 1 0 0 0 1 1 1
0002 000 1 1 1 0 1 0 0
Space group #57 : Pbcm
Z2,2,2,4 weak m001(2) g01000 1
2
g100
0 1
2
0
2100 i 20011 2
010
1
0000 000 00 0 0 0 0 0 0
0000 000 00 1 1 1 0 0 1
0000 000 20 0 1 1 0 1 0
0000 000 20 1 0 0 0 1 1
0002 000 00 0 1 0 1 1 1
0002 000 00 1 0 1 1 1 0
0002 000 20 0 0 1 1 0 1
0002 000 20 1 1 0 1 0 0
1000 100 00 0 0 0 0 0 0
1000 100 00 1 1 1 0 0 1
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TABLE VII – continued
SI Invariants
1000 100 20 0 1 1 0 1 0
1000 100 20 1 0 0 0 1 1
1002 100 00 0 1 0 1 1 1
1002 100 00 1 0 1 1 1 0
1002 100 20 0 0 1 1 0 1
1002 100 20 1 1 0 1 0 0
Space group #58 : Pnnm
Z2,2,2,4 weak m001(2) g0101
2
0 1
2
g100
0 1
2
1
2
2001 i 20101 2
100
1
0000 000 00 0 0 0 0 0 0
0000 000 00 1 1 0 0 1 1
0000 000 20 0 1 1 0 0 1
0000 000 20 1 0 1 0 1 0
0002 000 00 0 1 1 1 1 0
0002 000 00 1 0 1 1 0 1
0002 000 20 0 0 0 1 1 1
0002 000 20 1 1 0 1 0 0
Space group #59 : Pmmn
Z2,2,2,4 weak m010(2) m100(2) g0011
2
1
2
0
2001 i 20101 2
100
1
0000 000 00 00 0 0 0 0 0
0000 000 00 20 1 1 0 0 1
0000 000 20 00 1 1 0 1 0
0000 000 20 20 0 0 0 1 1
0002 000 00 00 1 0 1 1 1
0002 000 00 20 0 1 1 1 0
0002 000 20 00 0 1 1 0 1
0002 000 20 20 1 0 1 0 0
0010 001 00 00 0 0 0 0 0
0010 001 00 20 1 1 0 0 1
0010 001 20 00 1 1 0 1 0
0010 001 20 20 0 0 0 1 1
0012 001 00 00 1 0 1 1 1
0012 001 00 20 0 1 1 1 0
0012 001 20 00 0 1 1 0 1
0012 001 20 20 1 0 1 0 0
Space group #60 : Pbcn
Z2,2,2,4 weak g0011
2
1
2
0
g010
00 1
2
g100
0 1
2
0
2010 i 20011 2
100
1
0000 000 0 0 0 0 0 0 0
0000 000 0 1 1 1 0 0 1
0000 000 1 0 1 0 0 1 1
0000 000 1 1 0 1 0 1 0
0002 000 0 0 1 1 1 1 0
0002 000 0 1 0 0 1 1 1
0002 000 1 0 0 1 1 0 1
0002 000 1 1 1 0 1 0 0
Space group #61 : Pbca
Z2,2,2,4 weak g0011
2
00
g010
00 1
2
g100
0 1
2
0
i 20011 2
010
1 2
100
1
0000 000 0 0 0 0 0 0 0
0000 000 0 1 1 0 0 1 1
0000 000 1 0 1 0 1 0 1
0000 000 1 1 0 0 1 1 0
0002 000 0 0 1 1 1 1 0
0002 000 0 1 0 1 1 0 1
0002 000 1 0 0 1 0 1 1
0002 000 1 1 1 1 0 0 0
Space group #62 : Pnma
Z2,2,2,4 weak m010(2) g0011
2
00
g100
0 1
2
1
2
i 20011 2
010
1 2
100
1
0000 000 00 0 0 0 0 0 0
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TABLE VII – continued
SI Invariants
0000 000 00 1 1 0 1 0 1
0000 000 20 0 1 0 0 1 1
0000 000 20 1 0 0 1 1 0
0002 000 00 0 1 1 1 1 0
0002 000 00 1 0 1 0 1 1
0002 000 20 0 0 1 1 0 1
0002 000 20 1 1 1 0 0 0
Space group #63 : Cmcm
Z2,2,2,4 weak m001(2) m100(2) g01000 1
2
g0101¯
2
0 1
2
g100
0 1
2
0
2010 2100 i 20011 2
010
1 2
100
1
0000 000 00 0 0 0 0 0 0 0 0 0 0
0000 000 00 2 1 1 1 1 1 0 0 1 1
0000 000 20 0 1 1 0 1 0 0 1 1 0
0000 000 20 2 0 0 1 0 1 0 1 0 1
0002 000 00 0 1 1 0 0 1 1 1 0 1
0002 000 00 2 0 0 1 1 0 1 1 1 0
0002 000 20 0 0 0 0 1 1 1 0 1 1
0002 000 20 2 1 1 1 0 0 1 0 0 0
1100 110 00 0 0 1 1 0 0 0 0 1 1
1100 110 00 2 1 0 0 1 1 0 0 0 0
1100 110 20 0 1 0 1 1 0 0 1 0 1
1100 110 20 2 0 1 0 0 1 0 1 1 0
1102 110 00 0 1 0 1 0 1 1 1 1 0
1102 110 00 2 0 1 0 1 0 1 1 0 1
1102 110 20 0 0 1 1 1 1 1 0 0 0
1102 110 20 2 1 0 0 0 0 1 0 1 1
Space group #64 : Cmce
Z2,2,2,4 weak m100(2) g0010 1
2
0
g010
00 1
2
g0101¯
2
0 1
2
g100
0 1
2
0
2010 2100 i 20011 2
010
1 2
100
1
0000 000 0 0 0 0 0 0 0 0 0 0 0
0000 000 0 1 1 1 0 1 0 0 1 1 0
0000 000 2 0 1 1 1 1 1 0 0 1 1
0000 000 2 1 0 0 1 0 1 0 1 0 1
0002 000 0 0 1 1 0 0 1 1 1 0 1
0002 000 0 1 0 0 0 1 1 1 0 1 1
0002 000 2 0 0 0 1 1 0 1 1 1 0
0002 000 2 1 1 1 1 0 0 1 0 0 0
1100 110 0 0 0 1 1 1 0 0 0 0 1
1100 110 0 1 1 0 1 0 0 0 1 1 1
1100 110 2 0 1 0 0 0 1 0 0 1 0
1100 110 2 1 0 1 0 1 1 0 1 0 0
1102 110 0 0 1 0 1 1 1 1 1 0 0
1102 110 0 1 0 1 1 0 1 1 0 1 0
1102 110 2 0 0 1 0 0 0 1 1 1 1
1102 110 2 1 1 0 0 1 0 1 0 0 1
Space group #65 : Cmmm
Z2,2,2,4 weak m001(2) m010(2) m100(2) g0101¯
2
00
g100
0 1
2
0
2001 2010 2100 i 20101 2
100
1
0000 000 00 0 0 0 0 0 0 0 0 0 0
0000 000 00 2 2 1 1 0 1 1 0 1 1
0000 000 02 0 2 0 1 1 0 1 0 0 1
0000 000 02 2 0 1 0 1 1 0 0 1 0
0000 000 20 0 2 0 1 1 0 1 0 0 1
0000 000 20 2 0 1 0 1 1 0 0 1 0
0000 000 22 0 0 0 0 0 0 0 0 0 0
0000 000 22 2 2 1 1 0 1 1 0 1 1
0002 000 00 0 2 0 1 1 1 0 1 1 0
0002 000 00 2 0 1 0 1 0 1 1 0 1
0002 000 02 0 0 0 0 0 1 1 1 1 1
0002 000 02 2 2 1 1 0 0 0 1 0 0
0002 000 20 0 0 0 0 0 1 1 1 1 1
0002 000 20 2 2 1 1 0 0 0 1 0 0
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TABLE VII – continued
SI Invariants
0002 000 22 0 2 0 1 1 1 0 1 1 0
0002 000 22 2 0 1 0 1 0 1 1 0 1
0010 001 11 0 2 0 1 1 0 1 0 0 1
0010 001 11 2 0 1 0 1 1 0 0 1 0
0010 001 11¯ 0 0 0 0 0 0 0 0 0 0
0010 001 11¯ 2 2 1 1 0 1 1 0 1 1
0010 001 1¯1 0 0 0 0 0 0 0 0 0 0
0010 001 1¯1 2 2 1 1 0 1 1 0 1 1
0010 001 1¯1¯ 0 2 0 1 1 0 1 0 0 1
0010 001 1¯1¯ 2 0 1 0 1 1 0 0 1 0
0012 001 11 0 0 0 0 0 1 1 1 1 1
0012 001 11 2 2 1 1 0 0 0 1 0 0
0012 001 11¯ 0 2 0 1 1 1 0 1 1 0
0012 001 11¯ 2 0 1 0 1 0 1 1 0 1
0012 001 1¯1 0 2 0 1 1 1 0 1 1 0
0012 001 1¯1 2 0 1 0 1 0 1 1 0 1
0012 001 1¯1¯ 0 0 0 0 0 1 1 1 1 1
0012 001 1¯1¯ 2 2 1 1 0 0 0 1 0 0
1100 110 00 0 0 1 1 0 0 0 0 1 1
1100 110 00 2 2 0 0 0 1 1 0 0 0
1100 110 02 0 2 1 0 1 0 1 0 1 0
1100 110 02 2 0 0 1 1 1 0 0 0 1
1100 110 20 0 2 1 0 1 0 1 0 1 0
1100 110 20 2 0 0 1 1 1 0 0 0 1
1100 110 22 0 0 1 1 0 0 0 0 1 1
1100 110 22 2 2 0 0 0 1 1 0 0 0
1102 110 00 0 2 1 0 1 1 0 1 0 1
1102 110 00 2 0 0 1 1 0 1 1 1 0
1102 110 02 0 0 1 1 0 1 1 1 0 0
1102 110 02 2 2 0 0 0 0 0 1 1 1
1102 110 20 0 0 1 1 0 1 1 1 0 0
1102 110 20 2 2 0 0 0 0 0 1 1 1
1102 110 22 0 2 1 0 1 1 0 1 0 1
1102 110 22 2 0 0 1 1 0 1 1 1 0
1110 111 11 0 2 1 0 1 0 1 0 1 0
1110 111 11 2 0 0 1 1 1 0 0 0 1
1110 111 11¯ 0 0 1 1 0 0 0 0 1 1
1110 111 11¯ 2 2 0 0 0 1 1 0 0 0
1110 111 1¯1 0 0 1 1 0 0 0 0 1 1
1110 111 1¯1 2 2 0 0 0 1 1 0 0 0
1110 111 1¯1¯ 0 2 1 0 1 0 1 0 1 0
1110 111 1¯1¯ 2 0 0 1 1 1 0 0 0 1
1112 111 11 0 0 1 1 0 1 1 1 0 0
1112 111 11 2 2 0 0 0 0 0 1 1 1
1112 111 11¯ 0 2 1 0 1 1 0 1 0 1
1112 111 11¯ 2 0 0 1 1 0 1 1 1 0
1112 111 1¯1 0 2 1 0 1 1 0 1 0 1
1112 111 1¯1 2 0 0 1 1 0 1 1 1 0
1112 111 1¯1¯ 0 0 1 1 0 1 1 1 0 0
1112 111 1¯1¯ 2 2 0 0 0 0 0 1 1 1
Space group #66 : Cccm
Z2,2,2,4 weak m001(2) g01000 1
2
g0101¯
2
0 1
2
g100
00 1
2
g100
0 1
2
1
2
2001 2010 2100 i 20101 2
100
1
0000 000 00 0 0 0 0 0 0 0 0 0 0
0000 000 00 1 1 1 1 0 1 1 0 1 1
0000 000 20 0 0 1 1 1 0 1 0 0 1
0000 000 20 1 1 0 0 1 1 0 0 1 0
0002 000 00 0 0 1 1 1 1 0 1 1 0
0002 000 00 1 1 0 0 1 0 1 1 0 1
0002 000 20 0 0 0 0 0 1 1 1 1 1
0002 000 20 1 1 1 1 0 0 0 1 0 0
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TABLE VII – continued
SI Invariants
1100 110 00 0 1 0 1 0 0 0 0 1 1
1100 110 00 1 0 1 0 0 1 1 0 0 0
1100 110 20 0 1 1 0 1 0 1 0 1 0
1100 110 20 1 0 0 1 1 1 0 0 0 1
1102 110 00 0 1 1 0 1 1 0 1 0 1
1102 110 00 1 0 0 1 1 0 1 1 1 0
1102 110 20 0 1 0 1 0 1 1 1 0 0
1102 110 20 1 0 1 0 0 0 0 1 1 1
Space group #67 : Cmme
Z2,2,2,4 weak m010(2) m100(2) g0010 1
2
0
g0101¯
2
00
g100
0 1
2
0
2001 2010 2100 i 20101 2
100
1
0000 000 0 0 0 0 0 0 0 0 0 0 0
0000 000 0 2 1 0 1 1 0 1 0 0 1
0000 000 2 0 1 1 0 1 1 0 0 1 0
0000 000 2 2 0 1 1 0 1 1 0 1 1
0002 000 0 0 1 0 0 0 1 1 1 1 1
0002 000 0 2 0 0 1 1 1 0 1 1 0
0002 000 2 0 0 1 0 1 0 1 1 0 1
0002 000 2 2 1 1 1 0 0 0 1 0 0
0010 001 0 0 0 0 0 0 0 0 0 0 0
0010 001 0 2 1 0 1 1 0 1 0 0 1
0010 001 2 0 1 1 0 1 1 0 0 1 0
0010 001 2 2 0 1 1 0 1 1 0 1 1
0012 001 0 0 1 0 0 0 1 1 1 1 1
0012 001 0 2 0 0 1 1 1 0 1 1 0
0012 001 2 0 0 1 0 1 0 1 1 0 1
0012 001 2 2 1 1 1 0 0 0 1 0 0
1100 110 0 0 0 1 1 0 1 0 0 0 1
1100 110 0 2 1 1 0 1 1 1 0 0 0
1100 110 2 0 1 0 1 1 0 0 0 1 1
1100 110 2 2 0 0 0 0 0 1 0 1 0
1102 110 0 0 1 1 1 0 0 1 1 1 0
1102 110 0 2 0 1 0 1 0 0 1 1 1
1102 110 2 0 0 0 1 1 1 1 1 0 0
1102 110 2 2 1 0 0 0 1 0 1 0 1
1110 111 0 0 0 1 1 0 1 0 0 0 1
1110 111 0 2 1 1 0 1 1 1 0 0 0
1110 111 2 0 1 0 1 1 0 0 0 1 1
1110 111 2 2 0 0 0 0 0 1 0 1 0
1112 111 0 0 1 1 1 0 0 1 1 1 0
1112 111 0 2 0 1 0 1 0 0 1 1 1
1112 111 2 0 0 0 1 1 1 1 1 0 0
1112 111 2 2 1 0 0 0 1 0 1 0 1
Space group #68 : Ccce
Z2,2,2,4 weak g0010 1
2
0
g010
00 1
2
g0101¯
2
0 1
2
g100
00 1
2
g100
0 1
2
1
2
2001 2010 2100 i 20101 2
100
1
0000 000 0 0 0 0 0 0 0 0 0 0 0
0000 000 0 1 1 1 1 0 1 1 0 1 1
0000 000 1 0 0 1 1 1 0 1 0 0 1
0000 000 1 1 1 0 0 1 1 0 0 1 0
0002 000 0 0 0 1 1 1 1 0 1 1 0
0002 000 0 1 1 0 0 1 0 1 1 0 1
0002 000 1 0 0 0 0 0 1 1 1 1 1
0002 000 1 1 1 1 1 0 0 0 1 0 0
1100 110 0 0 1 1 0 0 0 0 0 1 1
1100 110 0 1 0 0 1 0 1 1 0 0 0
1100 110 1 0 1 0 1 1 0 1 0 1 0
1100 110 1 1 0 1 0 1 1 0 0 0 1
1102 110 0 0 1 0 1 1 1 0 1 0 1
1102 110 0 1 0 1 0 1 0 1 1 1 0
1102 110 1 0 1 1 0 0 1 1 1 0 0
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TABLE VII – continued
SI Invariants
1102 110 1 1 0 0 1 0 0 0 1 1 1
Space group #69 : Fmmm
Z2,2,2,4 weak m001(2) m010(2) m100(2) g0011
2
00
g0101
2
00
g100
0 1
2
0
2001 2010 2100 i 20011 2
010
1 2
100
1
0000 000 0 0 0 0 0 0 0 0 0 0 0 0 0
0000 000 0 2 2 0 1 1 0 1 1 0 0 1 1
0000 000 2 0 2 1 0 1 1 0 1 0 1 0 1
0000 000 2 2 0 1 1 0 1 1 0 0 1 1 0
0002 000 0 0 2 0 0 1 1 1 0 1 1 1 0
0002 000 0 2 0 0 1 0 1 0 1 1 1 0 1
0002 000 2 0 0 1 0 0 0 1 1 1 0 1 1
0002 000 2 2 2 1 1 1 0 0 0 1 0 0 0
0110 011 0 0 0 1 1 1 0 0 0 0 0 0 1
0110 011 0 2 2 1 0 0 0 1 1 0 0 1 0
0110 011 2 0 2 0 1 0 1 0 1 0 1 0 0
0110 011 2 2 0 0 0 1 1 1 0 0 1 1 1
0112 011 0 0 2 1 1 0 1 1 0 1 1 1 1
0112 011 0 2 0 1 0 1 1 0 1 1 1 0 0
0112 011 2 0 0 0 1 1 0 1 1 1 0 1 0
0112 011 2 2 2 0 0 0 0 0 0 1 0 0 1
1010 101 0 0 0 0 1 1 0 0 0 0 1 1 0
1010 101 0 2 2 0 0 0 0 1 1 0 1 0 1
1010 101 2 0 2 1 1 0 1 0 1 0 0 1 1
1010 101 2 2 0 1 0 1 1 1 0 0 0 0 0
1012 101 0 0 2 0 1 0 1 1 0 1 0 0 0
1012 101 0 2 0 0 0 1 1 0 1 1 0 1 1
1012 101 2 0 0 1 1 1 0 1 1 1 1 0 1
1012 101 2 2 2 1 0 0 0 0 0 1 1 1 0
1100 110 0 0 0 1 0 0 0 0 0 0 1 1 1
1100 110 0 2 2 1 1 1 0 1 1 0 1 0 0
1100 110 2 0 2 0 0 1 1 0 1 0 0 1 0
1100 110 2 2 0 0 1 0 1 1 0 0 0 0 1
1102 110 0 0 2 1 0 1 1 1 0 1 0 0 1
1102 110 0 2 0 1 1 0 1 0 1 1 0 1 0
1102 110 2 0 0 0 0 0 0 1 1 1 1 0 0
1102 110 2 2 2 0 1 1 0 0 0 1 1 1 1
Space group #70 : Fddd
Z2,2,2,4 weak g0011
4
1
4
0
g0011
4
1¯
4
0
g0101
4
0 1¯
4
g0101
4
0 1
4
g100
0 1
4
1
4
g100
0 1
4
1¯
4
2001 2010 2100 i 20011 2
010
1 2
100
1
0000 000 0 0 0 0 0 0 0 0 0 0 0 0 0
0000 000 0 0 1 1 1 1 0 1 1 0 0 1 1
0000 000 1 1 0 0 1 1 1 0 1 0 1 0 1
0000 000 1 1 1 1 0 0 1 1 0 0 1 1 0
0002 000 0 0 0 0 1 1 1 1 0 1 1 1 0
0002 000 0 0 1 1 0 0 1 0 1 1 1 0 1
0002 000 1 1 0 0 0 0 0 1 1 1 0 1 1
0002 000 1 1 1 1 1 1 0 0 0 1 0 0 0
Space group #71 : Immm
Z2,2,2,4 weak m001(2) m010(2) m100(2) g0011
2
1
2
0
g0101
2
0 1
2
g100
0 1
2
1
2
2001 2010 2100 i 20011 2
010
1 2
100
1
0000 000 0 0 0 0 0 0 0 0 0 0 0 0 0
0000 000 0 2 2 0 1 1 0 1 1 0 0 1 1
0000 000 2 0 2 1 0 1 1 0 1 0 1 0 1
0000 000 2 2 0 1 1 0 1 1 0 0 1 1 0
0002 000 0 0 2 0 0 1 1 1 0 1 1 1 0
0002 000 0 2 0 0 1 0 1 0 1 1 1 0 1
0002 000 2 0 0 1 0 0 0 1 1 1 0 1 1
0002 000 2 2 2 1 1 1 0 0 0 1 0 0 0
1110 111 0 0 0 1 1 1 0 0 0 0 1 1 1
1110 111 0 2 2 1 0 0 0 1 1 0 1 0 0
1110 111 2 0 2 0 1 0 1 0 1 0 0 1 0
1110 111 2 2 0 0 0 1 1 1 0 0 0 0 1
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TABLE VII – continued
SI Invariants
1112 111 0 0 2 1 1 0 1 1 0 1 0 0 1
1112 111 0 2 0 1 0 1 1 0 1 1 0 1 0
1112 111 2 0 0 0 1 1 0 1 1 1 1 0 0
1112 111 2 2 2 0 0 0 0 0 0 1 1 1 1
Space group #72 : Ibam
Z2,2,2,4 weak m001(2) g0011
2
1
2
0
g010
00 1
2
g0101
2
00
g100
00 1
2
g100
0 1
2
0
2001 2010 2100 i 20011 2
010
1 2
100
1
0000 000 0 0 0 0 0 0 0 0 0 0 0 0 0
0000 000 0 0 1 1 1 1 0 1 1 0 0 1 1
0000 000 2 1 0 0 1 1 1 0 1 0 1 0 1
0000 000 2 1 1 1 0 0 1 1 0 0 1 1 0
0002 000 0 0 0 0 1 1 1 1 0 1 1 1 0
0002 000 0 0 1 1 0 0 1 0 1 1 1 0 1
0002 000 2 1 0 0 0 0 0 1 1 1 0 1 1
0002 000 2 1 1 1 1 1 0 0 0 1 0 0 0
1110 111 0 1 0 1 0 1 0 0 0 0 1 1 1
1110 111 0 1 1 0 1 0 0 1 1 0 1 0 0
1110 111 2 0 0 1 1 0 1 0 1 0 0 1 0
1110 111 2 0 1 0 0 1 1 1 0 0 0 0 1
1112 111 0 1 0 1 1 0 1 1 0 1 0 0 1
1112 111 0 1 1 0 0 1 1 0 1 1 0 1 0
1112 111 2 0 0 1 0 1 0 1 1 1 1 0 0
1112 111 2 0 1 0 1 0 0 0 0 1 1 1 1
Space group #73 : Ibca
Z2,2,2,4 weak g0010 1
2
0
g0011
2
00
g010
00 1
2
g0101
2
00
g100
00 1
2
g100
0 1
2
0
2001 2010 2100 i 20011 2
010
1 2
100
1
0000 000 0 0 0 0 0 0 0 0 0 0 0 0 0
0000 000 0 0 1 1 1 1 0 1 1 0 0 1 1
0000 000 1 1 0 0 1 1 1 0 1 0 1 0 1
0000 000 1 1 1 1 0 0 1 1 0 0 1 1 0
0002 000 0 0 0 0 1 1 1 1 0 1 1 1 0
0002 000 0 0 1 1 0 0 1 0 1 1 1 0 1
0002 000 1 1 0 0 0 0 0 1 1 1 0 1 1
0002 000 1 1 1 1 1 1 0 0 0 1 0 0 0
1110 111 0 1 0 1 0 1 0 1 0 0 1 0 1
1110 111 0 1 1 0 1 0 0 0 1 0 1 1 0
1110 111 1 0 0 1 1 0 1 1 1 0 0 0 0
1110 111 1 0 1 0 0 1 1 0 0 0 0 1 1
1112 111 0 1 0 1 1 0 1 0 0 1 0 1 1
1112 111 0 1 1 0 0 1 1 1 1 1 0 0 0
1112 111 1 0 0 1 0 1 0 0 1 1 1 1 0
1112 111 1 0 1 0 1 0 0 1 0 1 1 0 1
Space group #74 : Imma
Z2,2,2,4 weak m010(2) m100(2) g0010 1
2
0
g0011
2
00
g0101
2
0 1
2
g100
0 1
2
1
2
2001 2010 2100 i 20011 2
010
1 2
100
1
0000 000 0 0 0 0 0 0 0 0 0 0 0 0 0
0000 000 0 2 1 1 0 1 1 0 1 0 1 0 1
0000 000 2 0 1 1 1 0 1 1 0 0 1 1 0
0000 000 2 2 0 0 1 1 0 1 1 0 0 1 1
0002 000 0 0 1 1 0 0 0 1 1 1 0 1 1
0002 000 0 2 0 0 0 1 1 1 0 1 1 1 0
0002 000 2 0 0 0 1 0 1 0 1 1 1 0 1
0002 000 2 2 1 1 1 1 0 0 0 1 0 0 0
1110 111 0 0 0 1 1 1 0 1 0 0 1 0 1
1110 111 0 2 1 0 1 0 1 1 1 0 0 0 0
1110 111 2 0 1 0 0 1 1 0 0 0 0 1 1
1110 111 2 2 0 1 0 0 0 0 1 0 1 1 0
1112 111 0 0 1 0 1 1 0 0 1 1 1 1 0
1112 111 0 2 0 1 1 0 1 0 0 1 0 1 1
1112 111 2 0 0 1 0 1 1 1 1 1 0 0 0
1112 111 2 2 1 0 0 0 0 1 0 1 1 0 1
Space group #83 : P4/m
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TABLE VII – continued
SI Invariants
Z2,4,8 weak m001(4) 2001 4001 i 4¯001
000 000 00 0 0 0 0
000 000 04 0 1 0 1
000 000 40 0 1 0 1
000 000 44 0 0 0 0
002 000 20 0 0 1 1
002 000 24 0 1 1 0
002 000 2¯0 0 1 1 0
002 000 2¯4 0 0 1 1
004 000 00 0 1 0 1
004 000 04 0 0 0 0
004 000 40 0 0 0 0
004 000 44 0 1 0 1
006 000 20 0 1 1 0
006 000 24 0 0 1 1
006 000 2¯0 0 0 1 1
006 000 2¯4 0 1 1 0
010 001 31 0 1 0 1
010 001 33¯ 0 0 0 0
010 001 1¯1 0 0 0 0
010 001 1¯3¯ 0 1 0 1
012 001 11 0 0 1 1
012 001 13¯ 0 1 1 0
012 001 3¯1 0 1 1 0
012 001 3¯3¯ 0 0 1 1
014 001 31 0 0 0 0
014 001 33¯ 0 1 0 1
014 001 1¯1 0 1 0 1
014 001 1¯3¯ 0 0 0 0
016 001 11 0 1 1 0
016 001 13¯ 0 0 1 1
016 001 3¯1 0 0 1 1
016 001 3¯3¯ 0 1 1 0
020 000 22 0 1 0 1
020 000 22¯ 0 0 0 0
020 000 2¯2 0 0 0 0
020 000 2¯2¯ 0 1 0 1
022 000 02 0 0 1 1
022 000 02¯ 0 1 1 0
022 000 42 0 1 1 0
022 000 42¯ 0 0 1 1
024 000 22 0 0 0 0
024 000 22¯ 0 1 0 1
024 000 2¯2 0 1 0 1
024 000 2¯2¯ 0 0 0 0
026 000 02 0 1 1 0
026 000 02¯ 0 0 1 1
026 000 42 0 0 1 1
026 000 42¯ 0 1 1 0
030 001 13 0 1 0 1
030 001 11¯ 0 0 0 0
030 001 3¯3 0 0 0 0
030 001 3¯1¯ 0 1 0 1
032 001 33 0 1 1 0
032 001 31¯ 0 0 1 1
032 001 1¯3 0 0 1 1
032 001 1¯1¯ 0 1 1 0
034 001 13 0 0 0 0
034 001 11¯ 0 1 0 1
034 001 3¯3 0 1 0 1
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TABLE VII – continued
SI Invariants
034 001 3¯1¯ 0 0 0 0
036 001 33 0 0 1 1
036 001 31¯ 0 1 1 0
036 001 1¯3 0 1 1 0
036 001 1¯1¯ 0 0 1 1
100 110 00 0 0 0 0
100 110 04 0 1 0 1
100 110 40 0 1 0 1
100 110 44 0 0 0 0
102 110 20 0 0 1 1
102 110 24 0 1 1 0
102 110 2¯0 0 1 1 0
102 110 2¯4 0 0 1 1
104 110 00 0 1 0 1
104 110 04 0 0 0 0
104 110 40 0 0 0 0
104 110 44 0 1 0 1
106 110 20 0 1 1 0
106 110 24 0 0 1 1
106 110 2¯0 0 0 1 1
106 110 2¯4 0 1 1 0
110 111 31 0 1 0 1
110 111 33¯ 0 0 0 0
110 111 1¯1 0 0 0 0
110 111 1¯3¯ 0 1 0 1
112 111 11 0 0 1 1
112 111 13¯ 0 1 1 0
112 111 3¯1 0 1 1 0
112 111 3¯3¯ 0 0 1 1
114 111 31 0 0 0 0
114 111 33¯ 0 1 0 1
114 111 1¯1 0 1 0 1
114 111 1¯3¯ 0 0 0 0
116 111 11 0 1 1 0
116 111 13¯ 0 0 1 1
116 111 3¯1 0 0 1 1
116 111 3¯3¯ 0 1 1 0
120 110 22 0 1 0 1
120 110 22¯ 0 0 0 0
120 110 2¯2 0 0 0 0
120 110 2¯2¯ 0 1 0 1
122 110 02 0 0 1 1
122 110 02¯ 0 1 1 0
122 110 42 0 1 1 0
122 110 42¯ 0 0 1 1
124 110 22 0 0 0 0
124 110 22¯ 0 1 0 1
124 110 2¯2 0 1 0 1
124 110 2¯2¯ 0 0 0 0
126 110 02 0 1 1 0
126 110 02¯ 0 0 1 1
126 110 42 0 0 1 1
126 110 42¯ 0 1 1 0
130 111 13 0 1 0 1
130 111 11¯ 0 0 0 0
130 111 3¯3 0 0 0 0
130 111 3¯1¯ 0 1 0 1
132 111 33 0 1 1 0
132 111 31¯ 0 0 1 1
132 111 1¯3 0 0 1 1
132 111 1¯1¯ 0 1 1 0
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TABLE VII – continued
SI Invariants
134 111 13 0 0 0 0
134 111 11¯ 0 1 0 1
134 111 3¯3 0 1 0 1
134 111 3¯1¯ 0 0 0 0
136 111 33 0 0 1 1
136 111 31¯ 0 1 1 0
136 111 1¯3 0 1 1 0
136 111 1¯1¯ 0 0 1 1
Space group #84 : P42/m
Z2,2,2,4 weak m001(4) 2001 i 40012 4¯001
0000 000 00 0 0 0 0
0000 000 00 0 0 1 1
0000 000 40 0 0 0 0
0000 000 40 0 0 1 1
0002 000 20 0 1 0 1
0002 000 20 0 1 1 0
0002 000 2¯0 0 1 0 1
0002 000 2¯0 0 1 1 0
1100 110 00 0 0 0 0
1100 110 00 0 0 1 1
1100 110 40 0 0 0 0
1100 110 40 0 0 1 1
1102 110 20 0 1 0 1
1102 110 20 0 1 1 0
1102 110 2¯0 0 1 0 1
1102 110 2¯0 0 1 1 0
Space group #85 : P4/n
Z2,2,2,4 weak g0011
2
1
2
0
2001 4001 i 4¯001
0000 000 0 0 0 0 0
0000 000 0 0 1 0 1
0002 000 1 0 0 1 1
0002 000 1 0 1 1 0
0010 001 0 0 0 0 0
0010 001 0 0 1 0 1
0012 001 1 0 0 1 1
0012 001 1 0 1 1 0
Space group #86 : P42/n
Z2,2,2,4 weak g0011
2
1
2
0
2001 i 40012 4¯
001
0000 000 0 0 0 0 0
0000 000 0 0 0 1 1
0002 000 1 0 1 0 1
0002 000 1 0 1 1 0
Space group #87 : I4/m
Z2,8 weak m001(4) g0011
2
1
2
0
2001 4001 i 20011 4
001
2 4¯
001
00 000 0 0 0 0 0 0 0 0
00 000 4 0 0 1 0 0 1 1
02 000 2 1 0 0 1 0 0 1
02 000 2¯ 1 0 1 1 0 1 0
04 000 0 0 0 1 0 0 1 1
04 000 4 0 0 0 0 0 0 0
06 000 2 1 0 1 1 0 1 0
06 000 2¯ 1 0 0 1 0 0 1
10 111 0 1 0 0 0 1 1 0
10 111 4 1 0 1 0 1 0 1
12 111 2 0 0 0 1 1 1 1
12 111 2¯ 0 0 1 1 1 0 0
14 111 0 1 0 1 0 1 0 1
14 111 4 1 0 0 0 1 1 0
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TABLE VII – continued
SI Invariants
16 111 2 0 0 1 1 1 0 0
16 111 2¯ 0 0 0 1 1 1 1
Space group #88 : I41/a
Z2,2,2,4 weak g0010 1
2
0
g0011
2
00
2001 i 20011 4
001
1 4
001
3 4¯
001
0000 000 0 0 0 0 0 0 0 0
0000 000 0 0 0 0 0 1 1 1
0002 000 1 1 0 1 0 0 0 1
0002 000 1 1 0 1 0 1 1 0
Space group #123 : P4/mmm
Z2,4,8 weak m001(4) m11¯0(2) m100(2) g11¯01
2
1
2
0
2001 2100 2110 4001 i 21101 4¯
001
000 000 00 0 00 0 0 0 0 0 0 0 0
000 000 00 0 22 0 0 0 0 0 0 0 0
000 000 00 2 02 1 0 1 1 0 0 1 0
000 000 00 2 20 1 0 1 1 0 0 1 0
000 000 04 0 02 0 0 1 0 1 0 0 1
000 000 04 0 20 0 0 1 0 1 0 0 1
000 000 04 2 00 1 0 0 1 1 0 1 1
000 000 04 2 22 1 0 0 1 1 0 1 1
000 000 40 0 02 0 0 1 0 1 0 0 1
000 000 40 0 20 0 0 1 0 1 0 0 1
000 000 40 2 00 1 0 0 1 1 0 1 1
000 000 40 2 22 1 0 0 1 1 0 1 1
000 000 44 0 00 0 0 0 0 0 0 0 0
000 000 44 0 22 0 0 0 0 0 0 0 0
000 000 44 2 02 1 0 1 1 0 0 1 0
000 000 44 2 20 1 0 1 1 0 0 1 0
002 000 20 0 00 0 0 1 1 0 1 1 1
002 000 20 0 22 0 0 1 1 0 1 1 1
002 000 20 2 02 1 0 0 0 0 1 0 1
002 000 20 2 20 1 0 0 0 0 1 0 1
002 000 24 0 02 0 0 0 1 1 1 1 0
002 000 24 0 20 0 0 0 1 1 1 1 0
002 000 24 2 00 1 0 1 0 1 1 0 0
002 000 24 2 22 1 0 1 0 1 1 0 0
002 000 2¯0 0 02 0 0 0 1 1 1 1 0
002 000 2¯0 0 20 0 0 0 1 1 1 1 0
002 000 2¯0 2 00 1 0 1 0 1 1 0 0
002 000 2¯0 2 22 1 0 1 0 1 1 0 0
002 000 2¯4 0 00 0 0 1 1 0 1 1 1
002 000 2¯4 0 22 0 0 1 1 0 1 1 1
002 000 2¯4 2 02 1 0 0 0 0 1 0 1
002 000 2¯4 2 20 1 0 0 0 0 1 0 1
004 000 00 0 02 0 0 1 0 1 0 0 1
004 000 00 0 20 0 0 1 0 1 0 0 1
004 000 00 2 00 1 0 0 1 1 0 1 1
004 000 00 2 22 1 0 0 1 1 0 1 1
004 000 04 0 00 0 0 0 0 0 0 0 0
004 000 04 0 22 0 0 0 0 0 0 0 0
004 000 04 2 02 1 0 1 1 0 0 1 0
004 000 04 2 20 1 0 1 1 0 0 1 0
004 000 40 0 00 0 0 0 0 0 0 0 0
004 000 40 0 22 0 0 0 0 0 0 0 0
004 000 40 2 02 1 0 1 1 0 0 1 0
004 000 40 2 20 1 0 1 1 0 0 1 0
004 000 44 0 02 0 0 1 0 1 0 0 1
004 000 44 0 20 0 0 1 0 1 0 0 1
004 000 44 2 00 1 0 0 1 1 0 1 1
004 000 44 2 22 1 0 0 1 1 0 1 1
006 000 20 0 02 0 0 0 1 1 1 1 0
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TABLE VII – continued
SI Invariants
006 000 20 0 20 0 0 0 1 1 1 1 0
006 000 20 2 00 1 0 1 0 1 1 0 0
006 000 20 2 22 1 0 1 0 1 1 0 0
006 000 24 0 00 0 0 1 1 0 1 1 1
006 000 24 0 22 0 0 1 1 0 1 1 1
006 000 24 2 02 1 0 0 0 0 1 0 1
006 000 24 2 20 1 0 0 0 0 1 0 1
006 000 2¯0 0 00 0 0 1 1 0 1 1 1
006 000 2¯0 0 22 0 0 1 1 0 1 1 1
006 000 2¯0 2 02 1 0 0 0 0 1 0 1
006 000 2¯0 2 20 1 0 0 0 0 1 0 1
006 000 2¯4 0 02 0 0 0 1 1 1 1 0
006 000 2¯4 0 20 0 0 0 1 1 1 1 0
006 000 2¯4 2 00 1 0 1 0 1 1 0 0
006 000 2¯4 2 22 1 0 1 0 1 1 0 0
010 001 31 0 02 0 0 1 0 1 0 1 1
010 001 31 0 20 0 0 1 0 1 0 1 1
010 001 31 2 00 1 0 0 1 1 0 0 1
010 001 31 2 22 1 0 0 1 1 0 0 1
010 001 33¯ 0 00 0 0 0 0 0 0 1 0
010 001 33¯ 0 22 0 0 0 0 0 0 1 0
010 001 33¯ 2 02 1 0 1 1 0 0 0 0
010 001 33¯ 2 20 1 0 1 1 0 0 0 0
010 001 1¯1 0 00 0 0 0 0 0 0 1 0
010 001 1¯1 0 22 0 0 0 0 0 0 1 0
010 001 1¯1 2 02 1 0 1 1 0 0 0 0
010 001 1¯1 2 20 1 0 1 1 0 0 0 0
010 001 1¯3¯ 0 02 0 0 1 0 1 0 1 1
010 001 1¯3¯ 0 20 0 0 1 0 1 0 1 1
010 001 1¯3¯ 2 00 1 0 0 1 1 0 0 1
010 001 1¯3¯ 2 22 1 0 0 1 1 0 0 1
012 001 11 0 00 0 0 1 1 0 1 0 1
012 001 11 0 22 0 0 1 1 0 1 0 1
012 001 11 2 02 1 0 0 0 0 1 1 1
012 001 11 2 20 1 0 0 0 0 1 1 1
012 001 13¯ 0 02 0 0 0 1 1 1 0 0
012 001 13¯ 0 20 0 0 0 1 1 1 0 0
012 001 13¯ 2 00 1 0 1 0 1 1 1 0
012 001 13¯ 2 22 1 0 1 0 1 1 1 0
012 001 3¯1 0 02 0 0 0 1 1 1 0 0
012 001 3¯1 0 20 0 0 0 1 1 1 0 0
012 001 3¯1 2 00 1 0 1 0 1 1 1 0
012 001 3¯1 2 22 1 0 1 0 1 1 1 0
012 001 3¯3¯ 0 00 0 0 1 1 0 1 0 1
012 001 3¯3¯ 0 22 0 0 1 1 0 1 0 1
012 001 3¯3¯ 2 02 1 0 0 0 0 1 1 1
012 001 3¯3¯ 2 20 1 0 0 0 0 1 1 1
014 001 31 0 00 0 0 0 0 0 0 1 0
014 001 31 0 22 0 0 0 0 0 0 1 0
014 001 31 2 02 1 0 1 1 0 0 0 0
014 001 31 2 20 1 0 1 1 0 0 0 0
014 001 33¯ 0 02 0 0 1 0 1 0 1 1
014 001 33¯ 0 20 0 0 1 0 1 0 1 1
014 001 33¯ 2 00 1 0 0 1 1 0 0 1
014 001 33¯ 2 22 1 0 0 1 1 0 0 1
014 001 1¯1 0 02 0 0 1 0 1 0 1 1
014 001 1¯1 0 20 0 0 1 0 1 0 1 1
014 001 1¯1 2 00 1 0 0 1 1 0 0 1
014 001 1¯1 2 22 1 0 0 1 1 0 0 1
014 001 1¯3¯ 0 00 0 0 0 0 0 0 1 0
014 001 1¯3¯ 0 22 0 0 0 0 0 0 1 0
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TABLE VII – continued
SI Invariants
014 001 1¯3¯ 2 02 1 0 1 1 0 0 0 0
014 001 1¯3¯ 2 20 1 0 1 1 0 0 0 0
016 001 11 0 02 0 0 0 1 1 1 0 0
016 001 11 0 20 0 0 0 1 1 1 0 0
016 001 11 2 00 1 0 1 0 1 1 1 0
016 001 11 2 22 1 0 1 0 1 1 1 0
016 001 13¯ 0 00 0 0 1 1 0 1 0 1
016 001 13¯ 0 22 0 0 1 1 0 1 0 1
016 001 13¯ 2 02 1 0 0 0 0 1 1 1
016 001 13¯ 2 20 1 0 0 0 0 1 1 1
016 001 3¯1 0 00 0 0 1 1 0 1 0 1
016 001 3¯1 0 22 0 0 1 1 0 1 0 1
016 001 3¯1 2 02 1 0 0 0 0 1 1 1
016 001 3¯1 2 20 1 0 0 0 0 1 1 1
016 001 3¯3¯ 0 02 0 0 0 1 1 1 0 0
016 001 3¯3¯ 0 20 0 0 0 1 1 1 0 0
016 001 3¯3¯ 2 00 1 0 1 0 1 1 1 0
016 001 3¯3¯ 2 22 1 0 1 0 1 1 1 0
020 000 22 0 02 0 0 1 0 1 0 0 1
020 000 22 0 20 0 0 1 0 1 0 0 1
020 000 22 2 00 1 0 0 1 1 0 1 1
020 000 22 2 22 1 0 0 1 1 0 1 1
020 000 22¯ 0 00 0 0 0 0 0 0 0 0
020 000 22¯ 0 22 0 0 0 0 0 0 0 0
020 000 22¯ 2 02 1 0 1 1 0 0 1 0
020 000 22¯ 2 20 1 0 1 1 0 0 1 0
020 000 2¯2 0 00 0 0 0 0 0 0 0 0
020 000 2¯2 0 22 0 0 0 0 0 0 0 0
020 000 2¯2 2 02 1 0 1 1 0 0 1 0
020 000 2¯2 2 20 1 0 1 1 0 0 1 0
020 000 2¯2¯ 0 02 0 0 1 0 1 0 0 1
020 000 2¯2¯ 0 20 0 0 1 0 1 0 0 1
020 000 2¯2¯ 2 00 1 0 0 1 1 0 1 1
020 000 2¯2¯ 2 22 1 0 0 1 1 0 1 1
022 000 02 0 00 0 0 1 1 0 1 1 1
022 000 02 0 22 0 0 1 1 0 1 1 1
022 000 02 2 02 1 0 0 0 0 1 0 1
022 000 02 2 20 1 0 0 0 0 1 0 1
022 000 02¯ 0 02 0 0 0 1 1 1 1 0
022 000 02¯ 0 20 0 0 0 1 1 1 1 0
022 000 02¯ 2 00 1 0 1 0 1 1 0 0
022 000 02¯ 2 22 1 0 1 0 1 1 0 0
022 000 42 0 02 0 0 0 1 1 1 1 0
022 000 42 0 20 0 0 0 1 1 1 1 0
022 000 42 2 00 1 0 1 0 1 1 0 0
022 000 42 2 22 1 0 1 0 1 1 0 0
022 000 42¯ 0 00 0 0 1 1 0 1 1 1
022 000 42¯ 0 22 0 0 1 1 0 1 1 1
022 000 42¯ 2 02 1 0 0 0 0 1 0 1
022 000 42¯ 2 20 1 0 0 0 0 1 0 1
024 000 22 0 00 0 0 0 0 0 0 0 0
024 000 22 0 22 0 0 0 0 0 0 0 0
024 000 22 2 02 1 0 1 1 0 0 1 0
024 000 22 2 20 1 0 1 1 0 0 1 0
024 000 22¯ 0 02 0 0 1 0 1 0 0 1
024 000 22¯ 0 20 0 0 1 0 1 0 0 1
024 000 22¯ 2 00 1 0 0 1 1 0 1 1
024 000 22¯ 2 22 1 0 0 1 1 0 1 1
024 000 2¯2 0 02 0 0 1 0 1 0 0 1
024 000 2¯2 0 20 0 0 1 0 1 0 0 1
024 000 2¯2 2 00 1 0 0 1 1 0 1 1
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TABLE VII – continued
SI Invariants
024 000 2¯2 2 22 1 0 0 1 1 0 1 1
024 000 2¯2¯ 0 00 0 0 0 0 0 0 0 0
024 000 2¯2¯ 0 22 0 0 0 0 0 0 0 0
024 000 2¯2¯ 2 02 1 0 1 1 0 0 1 0
024 000 2¯2¯ 2 20 1 0 1 1 0 0 1 0
026 000 02 0 02 0 0 0 1 1 1 1 0
026 000 02 0 20 0 0 0 1 1 1 1 0
026 000 02 2 00 1 0 1 0 1 1 0 0
026 000 02 2 22 1 0 1 0 1 1 0 0
026 000 02¯ 0 00 0 0 1 1 0 1 1 1
026 000 02¯ 0 22 0 0 1 1 0 1 1 1
026 000 02¯ 2 02 1 0 0 0 0 1 0 1
026 000 02¯ 2 20 1 0 0 0 0 1 0 1
026 000 42 0 00 0 0 1 1 0 1 1 1
026 000 42 0 22 0 0 1 1 0 1 1 1
026 000 42 2 02 1 0 0 0 0 1 0 1
026 000 42 2 20 1 0 0 0 0 1 0 1
026 000 42¯ 0 02 0 0 0 1 1 1 1 0
026 000 42¯ 0 20 0 0 0 1 1 1 1 0
026 000 42¯ 2 00 1 0 1 0 1 1 0 0
026 000 42¯ 2 22 1 0 1 0 1 1 0 0
030 001 13 0 02 0 0 1 0 1 0 1 1
030 001 13 0 20 0 0 1 0 1 0 1 1
030 001 13 2 00 1 0 0 1 1 0 0 1
030 001 13 2 22 1 0 0 1 1 0 0 1
030 001 11¯ 0 00 0 0 0 0 0 0 1 0
030 001 11¯ 0 22 0 0 0 0 0 0 1 0
030 001 11¯ 2 02 1 0 1 1 0 0 0 0
030 001 11¯ 2 20 1 0 1 1 0 0 0 0
030 001 3¯3 0 00 0 0 0 0 0 0 1 0
030 001 3¯3 0 22 0 0 0 0 0 0 1 0
030 001 3¯3 2 02 1 0 1 1 0 0 0 0
030 001 3¯3 2 20 1 0 1 1 0 0 0 0
030 001 3¯1¯ 0 02 0 0 1 0 1 0 1 1
030 001 3¯1¯ 0 20 0 0 1 0 1 0 1 1
030 001 3¯1¯ 2 00 1 0 0 1 1 0 0 1
030 001 3¯1¯ 2 22 1 0 0 1 1 0 0 1
032 001 33 0 02 0 0 0 1 1 1 0 0
032 001 33 0 20 0 0 0 1 1 1 0 0
032 001 33 2 00 1 0 1 0 1 1 1 0
032 001 33 2 22 1 0 1 0 1 1 1 0
032 001 31¯ 0 00 0 0 1 1 0 1 0 1
032 001 31¯ 0 22 0 0 1 1 0 1 0 1
032 001 31¯ 2 02 1 0 0 0 0 1 1 1
032 001 31¯ 2 20 1 0 0 0 0 1 1 1
032 001 1¯3 0 00 0 0 1 1 0 1 0 1
032 001 1¯3 0 22 0 0 1 1 0 1 0 1
032 001 1¯3 2 02 1 0 0 0 0 1 1 1
032 001 1¯3 2 20 1 0 0 0 0 1 1 1
032 001 1¯1¯ 0 02 0 0 0 1 1 1 0 0
032 001 1¯1¯ 0 20 0 0 0 1 1 1 0 0
032 001 1¯1¯ 2 00 1 0 1 0 1 1 1 0
032 001 1¯1¯ 2 22 1 0 1 0 1 1 1 0
034 001 13 0 00 0 0 0 0 0 0 1 0
034 001 13 0 22 0 0 0 0 0 0 1 0
034 001 13 2 02 1 0 1 1 0 0 0 0
034 001 13 2 20 1 0 1 1 0 0 0 0
034 001 11¯ 0 02 0 0 1 0 1 0 1 1
034 001 11¯ 0 20 0 0 1 0 1 0 1 1
034 001 11¯ 2 00 1 0 0 1 1 0 0 1
034 001 11¯ 2 22 1 0 0 1 1 0 0 1
Continued on next page
75
TABLE VII – continued
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034 001 3¯3 0 02 0 0 1 0 1 0 1 1
034 001 3¯3 0 20 0 0 1 0 1 0 1 1
034 001 3¯3 2 00 1 0 0 1 1 0 0 1
034 001 3¯3 2 22 1 0 0 1 1 0 0 1
034 001 3¯1¯ 0 00 0 0 0 0 0 0 1 0
034 001 3¯1¯ 0 22 0 0 0 0 0 0 1 0
034 001 3¯1¯ 2 02 1 0 1 1 0 0 0 0
034 001 3¯1¯ 2 20 1 0 1 1 0 0 0 0
036 001 33 0 00 0 0 1 1 0 1 0 1
036 001 33 0 22 0 0 1 1 0 1 0 1
036 001 33 2 02 1 0 0 0 0 1 1 1
036 001 33 2 20 1 0 0 0 0 1 1 1
036 001 31¯ 0 02 0 0 0 1 1 1 0 0
036 001 31¯ 0 20 0 0 0 1 1 1 0 0
036 001 31¯ 2 00 1 0 1 0 1 1 1 0
036 001 31¯ 2 22 1 0 1 0 1 1 1 0
036 001 1¯3 0 02 0 0 0 1 1 1 0 0
036 001 1¯3 0 20 0 0 0 1 1 1 0 0
036 001 1¯3 2 00 1 0 1 0 1 1 1 0
036 001 1¯3 2 22 1 0 1 0 1 1 1 0
036 001 1¯1¯ 0 00 0 0 1 1 0 1 0 1
036 001 1¯1¯ 0 22 0 0 1 1 0 1 0 1
036 001 1¯1¯ 2 02 1 0 0 0 0 1 1 1
036 001 1¯1¯ 2 20 1 0 0 0 0 1 1 1
100 110 00 0 11¯ 1 0 0 0 0 0 1 0
100 110 00 0 1¯1 1 0 0 0 0 0 1 0
100 110 00 2 11 0 0 1 1 0 0 0 0
100 110 00 2 1¯1¯ 0 0 1 1 0 0 0 0
100 110 04 0 11 1 0 1 0 1 0 1 1
100 110 04 0 1¯1¯ 1 0 1 0 1 0 1 1
100 110 04 2 11¯ 0 0 0 1 1 0 0 1
100 110 04 2 1¯1 0 0 0 1 1 0 0 1
100 110 40 0 11 1 0 1 0 1 0 1 1
100 110 40 0 1¯1¯ 1 0 1 0 1 0 1 1
100 110 40 2 11¯ 0 0 0 1 1 0 0 1
100 110 40 2 1¯1 0 0 0 1 1 0 0 1
100 110 44 0 11¯ 1 0 0 0 0 0 1 0
100 110 44 0 1¯1 1 0 0 0 0 0 1 0
100 110 44 2 11 0 0 1 1 0 0 0 0
100 110 44 2 1¯1¯ 0 0 1 1 0 0 0 0
102 110 20 0 11¯ 1 0 1 1 0 1 0 1
102 110 20 0 1¯1 1 0 1 1 0 1 0 1
102 110 20 2 11 0 0 0 0 0 1 1 1
102 110 20 2 1¯1¯ 0 0 0 0 0 1 1 1
102 110 24 0 11 1 0 0 1 1 1 0 0
102 110 24 0 1¯1¯ 1 0 0 1 1 1 0 0
102 110 24 2 11¯ 0 0 1 0 1 1 1 0
102 110 24 2 1¯1 0 0 1 0 1 1 1 0
102 110 2¯0 0 11 1 0 0 1 1 1 0 0
102 110 2¯0 0 1¯1¯ 1 0 0 1 1 1 0 0
102 110 2¯0 2 11¯ 0 0 1 0 1 1 1 0
102 110 2¯0 2 1¯1 0 0 1 0 1 1 1 0
102 110 2¯4 0 11¯ 1 0 1 1 0 1 0 1
102 110 2¯4 0 1¯1 1 0 1 1 0 1 0 1
102 110 2¯4 2 11 0 0 0 0 0 1 1 1
102 110 2¯4 2 1¯1¯ 0 0 0 0 0 1 1 1
104 110 00 0 11 1 0 1 0 1 0 1 1
104 110 00 0 1¯1¯ 1 0 1 0 1 0 1 1
104 110 00 2 11¯ 0 0 0 1 1 0 0 1
104 110 00 2 1¯1 0 0 0 1 1 0 0 1
104 110 04 0 11¯ 1 0 0 0 0 0 1 0
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104 110 04 0 1¯1 1 0 0 0 0 0 1 0
104 110 04 2 11 0 0 1 1 0 0 0 0
104 110 04 2 1¯1¯ 0 0 1 1 0 0 0 0
104 110 40 0 11¯ 1 0 0 0 0 0 1 0
104 110 40 0 1¯1 1 0 0 0 0 0 1 0
104 110 40 2 11 0 0 1 1 0 0 0 0
104 110 40 2 1¯1¯ 0 0 1 1 0 0 0 0
104 110 44 0 11 1 0 1 0 1 0 1 1
104 110 44 0 1¯1¯ 1 0 1 0 1 0 1 1
104 110 44 2 11¯ 0 0 0 1 1 0 0 1
104 110 44 2 1¯1 0 0 0 1 1 0 0 1
106 110 20 0 11 1 0 0 1 1 1 0 0
106 110 20 0 1¯1¯ 1 0 0 1 1 1 0 0
106 110 20 2 11¯ 0 0 1 0 1 1 1 0
106 110 20 2 1¯1 0 0 1 0 1 1 1 0
106 110 24 0 11¯ 1 0 1 1 0 1 0 1
106 110 24 0 1¯1 1 0 1 1 0 1 0 1
106 110 24 2 11 0 0 0 0 0 1 1 1
106 110 24 2 1¯1¯ 0 0 0 0 0 1 1 1
106 110 2¯0 0 11¯ 1 0 1 1 0 1 0 1
106 110 2¯0 0 1¯1 1 0 1 1 0 1 0 1
106 110 2¯0 2 11 0 0 0 0 0 1 1 1
106 110 2¯0 2 1¯1¯ 0 0 0 0 0 1 1 1
106 110 2¯4 0 11 1 0 0 1 1 1 0 0
106 110 2¯4 0 1¯1¯ 1 0 0 1 1 1 0 0
106 110 2¯4 2 11¯ 0 0 1 0 1 1 1 0
106 110 2¯4 2 1¯1 0 0 1 0 1 1 1 0
110 111 31 0 11 1 0 1 0 1 0 0 1
110 111 31 0 1¯1¯ 1 0 1 0 1 0 0 1
110 111 31 2 11¯ 0 0 0 1 1 0 1 1
110 111 31 2 1¯1 0 0 0 1 1 0 1 1
110 111 33¯ 0 11¯ 1 0 0 0 0 0 0 0
110 111 33¯ 0 1¯1 1 0 0 0 0 0 0 0
110 111 33¯ 2 11 0 0 1 1 0 0 1 0
110 111 33¯ 2 1¯1¯ 0 0 1 1 0 0 1 0
110 111 1¯1 0 11¯ 1 0 0 0 0 0 0 0
110 111 1¯1 0 1¯1 1 0 0 0 0 0 0 0
110 111 1¯1 2 11 0 0 1 1 0 0 1 0
110 111 1¯1 2 1¯1¯ 0 0 1 1 0 0 1 0
110 111 1¯3¯ 0 11 1 0 1 0 1 0 0 1
110 111 1¯3¯ 0 1¯1¯ 1 0 1 0 1 0 0 1
110 111 1¯3¯ 2 11¯ 0 0 0 1 1 0 1 1
110 111 1¯3¯ 2 1¯1 0 0 0 1 1 0 1 1
112 111 11 0 11¯ 1 0 1 1 0 1 1 1
112 111 11 0 1¯1 1 0 1 1 0 1 1 1
112 111 11 2 11 0 0 0 0 0 1 0 1
112 111 11 2 1¯1¯ 0 0 0 0 0 1 0 1
112 111 13¯ 0 11 1 0 0 1 1 1 1 0
112 111 13¯ 0 1¯1¯ 1 0 0 1 1 1 1 0
112 111 13¯ 2 11¯ 0 0 1 0 1 1 0 0
112 111 13¯ 2 1¯1 0 0 1 0 1 1 0 0
112 111 3¯1 0 11 1 0 0 1 1 1 1 0
112 111 3¯1 0 1¯1¯ 1 0 0 1 1 1 1 0
112 111 3¯1 2 11¯ 0 0 1 0 1 1 0 0
112 111 3¯1 2 1¯1 0 0 1 0 1 1 0 0
112 111 3¯3¯ 0 11¯ 1 0 1 1 0 1 1 1
112 111 3¯3¯ 0 1¯1 1 0 1 1 0 1 1 1
112 111 3¯3¯ 2 11 0 0 0 0 0 1 0 1
112 111 3¯3¯ 2 1¯1¯ 0 0 0 0 0 1 0 1
114 111 31 0 11¯ 1 0 0 0 0 0 0 0
114 111 31 0 1¯1 1 0 0 0 0 0 0 0
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114 111 31 2 11 0 0 1 1 0 0 1 0
114 111 31 2 1¯1¯ 0 0 1 1 0 0 1 0
114 111 33¯ 0 11 1 0 1 0 1 0 0 1
114 111 33¯ 0 1¯1¯ 1 0 1 0 1 0 0 1
114 111 33¯ 2 11¯ 0 0 0 1 1 0 1 1
114 111 33¯ 2 1¯1 0 0 0 1 1 0 1 1
114 111 1¯1 0 11 1 0 1 0 1 0 0 1
114 111 1¯1 0 1¯1¯ 1 0 1 0 1 0 0 1
114 111 1¯1 2 11¯ 0 0 0 1 1 0 1 1
114 111 1¯1 2 1¯1 0 0 0 1 1 0 1 1
114 111 1¯3¯ 0 11¯ 1 0 0 0 0 0 0 0
114 111 1¯3¯ 0 1¯1 1 0 0 0 0 0 0 0
114 111 1¯3¯ 2 11 0 0 1 1 0 0 1 0
114 111 1¯3¯ 2 1¯1¯ 0 0 1 1 0 0 1 0
116 111 11 0 11 1 0 0 1 1 1 1 0
116 111 11 0 1¯1¯ 1 0 0 1 1 1 1 0
116 111 11 2 11¯ 0 0 1 0 1 1 0 0
116 111 11 2 1¯1 0 0 1 0 1 1 0 0
116 111 13¯ 0 11¯ 1 0 1 1 0 1 1 1
116 111 13¯ 0 1¯1 1 0 1 1 0 1 1 1
116 111 13¯ 2 11 0 0 0 0 0 1 0 1
116 111 13¯ 2 1¯1¯ 0 0 0 0 0 1 0 1
116 111 3¯1 0 11¯ 1 0 1 1 0 1 1 1
116 111 3¯1 0 1¯1 1 0 1 1 0 1 1 1
116 111 3¯1 2 11 0 0 0 0 0 1 0 1
116 111 3¯1 2 1¯1¯ 0 0 0 0 0 1 0 1
116 111 3¯3¯ 0 11 1 0 0 1 1 1 1 0
116 111 3¯3¯ 0 1¯1¯ 1 0 0 1 1 1 1 0
116 111 3¯3¯ 2 11¯ 0 0 1 0 1 1 0 0
116 111 3¯3¯ 2 1¯1 0 0 1 0 1 1 0 0
120 110 22 0 11 1 0 1 0 1 0 1 1
120 110 22 0 1¯1¯ 1 0 1 0 1 0 1 1
120 110 22 2 11¯ 0 0 0 1 1 0 0 1
120 110 22 2 1¯1 0 0 0 1 1 0 0 1
120 110 22¯ 0 11¯ 1 0 0 0 0 0 1 0
120 110 22¯ 0 1¯1 1 0 0 0 0 0 1 0
120 110 22¯ 2 11 0 0 1 1 0 0 0 0
120 110 22¯ 2 1¯1¯ 0 0 1 1 0 0 0 0
120 110 2¯2 0 11¯ 1 0 0 0 0 0 1 0
120 110 2¯2 0 1¯1 1 0 0 0 0 0 1 0
120 110 2¯2 2 11 0 0 1 1 0 0 0 0
120 110 2¯2 2 1¯1¯ 0 0 1 1 0 0 0 0
120 110 2¯2¯ 0 11 1 0 1 0 1 0 1 1
120 110 2¯2¯ 0 1¯1¯ 1 0 1 0 1 0 1 1
120 110 2¯2¯ 2 11¯ 0 0 0 1 1 0 0 1
120 110 2¯2¯ 2 1¯1 0 0 0 1 1 0 0 1
122 110 02 0 11¯ 1 0 1 1 0 1 0 1
122 110 02 0 1¯1 1 0 1 1 0 1 0 1
122 110 02 2 11 0 0 0 0 0 1 1 1
122 110 02 2 1¯1¯ 0 0 0 0 0 1 1 1
122 110 02¯ 0 11 1 0 0 1 1 1 0 0
122 110 02¯ 0 1¯1¯ 1 0 0 1 1 1 0 0
122 110 02¯ 2 11¯ 0 0 1 0 1 1 1 0
122 110 02¯ 2 1¯1 0 0 1 0 1 1 1 0
122 110 42 0 11 1 0 0 1 1 1 0 0
122 110 42 0 1¯1¯ 1 0 0 1 1 1 0 0
122 110 42 2 11¯ 0 0 1 0 1 1 1 0
122 110 42 2 1¯1 0 0 1 0 1 1 1 0
122 110 42¯ 0 11¯ 1 0 1 1 0 1 0 1
122 110 42¯ 0 1¯1 1 0 1 1 0 1 0 1
122 110 42¯ 2 11 0 0 0 0 0 1 1 1
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122 110 42¯ 2 1¯1¯ 0 0 0 0 0 1 1 1
124 110 22 0 11¯ 1 0 0 0 0 0 1 0
124 110 22 0 1¯1 1 0 0 0 0 0 1 0
124 110 22 2 11 0 0 1 1 0 0 0 0
124 110 22 2 1¯1¯ 0 0 1 1 0 0 0 0
124 110 22¯ 0 11 1 0 1 0 1 0 1 1
124 110 22¯ 0 1¯1¯ 1 0 1 0 1 0 1 1
124 110 22¯ 2 11¯ 0 0 0 1 1 0 0 1
124 110 22¯ 2 1¯1 0 0 0 1 1 0 0 1
124 110 2¯2 0 11 1 0 1 0 1 0 1 1
124 110 2¯2 0 1¯1¯ 1 0 1 0 1 0 1 1
124 110 2¯2 2 11¯ 0 0 0 1 1 0 0 1
124 110 2¯2 2 1¯1 0 0 0 1 1 0 0 1
124 110 2¯2¯ 0 11¯ 1 0 0 0 0 0 1 0
124 110 2¯2¯ 0 1¯1 1 0 0 0 0 0 1 0
124 110 2¯2¯ 2 11 0 0 1 1 0 0 0 0
124 110 2¯2¯ 2 1¯1¯ 0 0 1 1 0 0 0 0
126 110 02 0 11 1 0 0 1 1 1 0 0
126 110 02 0 1¯1¯ 1 0 0 1 1 1 0 0
126 110 02 2 11¯ 0 0 1 0 1 1 1 0
126 110 02 2 1¯1 0 0 1 0 1 1 1 0
126 110 02¯ 0 11¯ 1 0 1 1 0 1 0 1
126 110 02¯ 0 1¯1 1 0 1 1 0 1 0 1
126 110 02¯ 2 11 0 0 0 0 0 1 1 1
126 110 02¯ 2 1¯1¯ 0 0 0 0 0 1 1 1
126 110 42 0 11¯ 1 0 1 1 0 1 0 1
126 110 42 0 1¯1 1 0 1 1 0 1 0 1
126 110 42 2 11 0 0 0 0 0 1 1 1
126 110 42 2 1¯1¯ 0 0 0 0 0 1 1 1
126 110 42¯ 0 11 1 0 0 1 1 1 0 0
126 110 42¯ 0 1¯1¯ 1 0 0 1 1 1 0 0
126 110 42¯ 2 11¯ 0 0 1 0 1 1 1 0
126 110 42¯ 2 1¯1 0 0 1 0 1 1 1 0
130 111 13 0 11 1 0 1 0 1 0 0 1
130 111 13 0 1¯1¯ 1 0 1 0 1 0 0 1
130 111 13 2 11¯ 0 0 0 1 1 0 1 1
130 111 13 2 1¯1 0 0 0 1 1 0 1 1
130 111 11¯ 0 11¯ 1 0 0 0 0 0 0 0
130 111 11¯ 0 1¯1 1 0 0 0 0 0 0 0
130 111 11¯ 2 11 0 0 1 1 0 0 1 0
130 111 11¯ 2 1¯1¯ 0 0 1 1 0 0 1 0
130 111 3¯3 0 11¯ 1 0 0 0 0 0 0 0
130 111 3¯3 0 1¯1 1 0 0 0 0 0 0 0
130 111 3¯3 2 11 0 0 1 1 0 0 1 0
130 111 3¯3 2 1¯1¯ 0 0 1 1 0 0 1 0
130 111 3¯1¯ 0 11 1 0 1 0 1 0 0 1
130 111 3¯1¯ 0 1¯1¯ 1 0 1 0 1 0 0 1
130 111 3¯1¯ 2 11¯ 0 0 0 1 1 0 1 1
130 111 3¯1¯ 2 1¯1 0 0 0 1 1 0 1 1
132 111 33 0 11 1 0 0 1 1 1 1 0
132 111 33 0 1¯1¯ 1 0 0 1 1 1 1 0
132 111 33 2 11¯ 0 0 1 0 1 1 0 0
132 111 33 2 1¯1 0 0 1 0 1 1 0 0
132 111 31¯ 0 11¯ 1 0 1 1 0 1 1 1
132 111 31¯ 0 1¯1 1 0 1 1 0 1 1 1
132 111 31¯ 2 11 0 0 0 0 0 1 0 1
132 111 31¯ 2 1¯1¯ 0 0 0 0 0 1 0 1
132 111 1¯3 0 11¯ 1 0 1 1 0 1 1 1
132 111 1¯3 0 1¯1 1 0 1 1 0 1 1 1
132 111 1¯3 2 11 0 0 0 0 0 1 0 1
132 111 1¯3 2 1¯1¯ 0 0 0 0 0 1 0 1
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132 111 1¯1¯ 0 11 1 0 0 1 1 1 1 0
132 111 1¯1¯ 0 1¯1¯ 1 0 0 1 1 1 1 0
132 111 1¯1¯ 2 11¯ 0 0 1 0 1 1 0 0
132 111 1¯1¯ 2 1¯1 0 0 1 0 1 1 0 0
134 111 13 0 11¯ 1 0 0 0 0 0 0 0
134 111 13 0 1¯1 1 0 0 0 0 0 0 0
134 111 13 2 11 0 0 1 1 0 0 1 0
134 111 13 2 1¯1¯ 0 0 1 1 0 0 1 0
134 111 11¯ 0 11 1 0 1 0 1 0 0 1
134 111 11¯ 0 1¯1¯ 1 0 1 0 1 0 0 1
134 111 11¯ 2 11¯ 0 0 0 1 1 0 1 1
134 111 11¯ 2 1¯1 0 0 0 1 1 0 1 1
134 111 3¯3 0 11 1 0 1 0 1 0 0 1
134 111 3¯3 0 1¯1¯ 1 0 1 0 1 0 0 1
134 111 3¯3 2 11¯ 0 0 0 1 1 0 1 1
134 111 3¯3 2 1¯1 0 0 0 1 1 0 1 1
134 111 3¯1¯ 0 11¯ 1 0 0 0 0 0 0 0
134 111 3¯1¯ 0 1¯1 1 0 0 0 0 0 0 0
134 111 3¯1¯ 2 11 0 0 1 1 0 0 1 0
134 111 3¯1¯ 2 1¯1¯ 0 0 1 1 0 0 1 0
136 111 33 0 11¯ 1 0 1 1 0 1 1 1
136 111 33 0 1¯1 1 0 1 1 0 1 1 1
136 111 33 2 11 0 0 0 0 0 1 0 1
136 111 33 2 1¯1¯ 0 0 0 0 0 1 0 1
136 111 31¯ 0 11 1 0 0 1 1 1 1 0
136 111 31¯ 0 1¯1¯ 1 0 0 1 1 1 1 0
136 111 31¯ 2 11¯ 0 0 1 0 1 1 0 0
136 111 31¯ 2 1¯1 0 0 1 0 1 1 0 0
136 111 1¯3 0 11 1 0 0 1 1 1 1 0
136 111 1¯3 0 1¯1¯ 1 0 0 1 1 1 1 0
136 111 1¯3 2 11¯ 0 0 1 0 1 1 0 0
136 111 1¯3 2 1¯1 0 0 1 0 1 1 0 0
136 111 1¯1¯ 0 11¯ 1 0 1 1 0 1 1 1
136 111 1¯1¯ 0 1¯1 1 0 1 1 0 1 1 1
136 111 1¯1¯ 2 11 0 0 0 0 0 1 0 1
136 111 1¯1¯ 2 1¯1¯ 0 0 0 0 0 1 0 1
Space group #124 : P4/mcc
Z2,8 weak m001(4) g11¯000 1
2
g11¯01
2
1
2
1
2
g100
00 1
2
2001 2100 2110 4001 i 21101 4¯
001
00 000 00 0 0 0 0 0 0 0 0 0 0
00 000 00 1 1 1 0 1 1 0 0 1 0
00 000 40 0 0 1 0 1 0 1 0 0 1
00 000 40 1 1 0 0 0 1 1 0 1 1
02 000 20 0 0 0 0 1 1 0 1 1 1
02 000 20 1 1 1 0 0 0 0 1 0 1
02 000 2¯0 0 0 1 0 0 1 1 1 1 0
02 000 2¯0 1 1 0 0 1 0 1 1 0 0
04 000 00 0 0 1 0 1 0 1 0 0 1
04 000 00 1 1 0 0 0 1 1 0 1 1
04 000 40 0 0 0 0 0 0 0 0 0 0
04 000 40 1 1 1 0 1 1 0 0 1 0
06 000 20 0 0 1 0 0 1 1 1 1 0
06 000 20 1 1 0 0 1 0 1 1 0 0
06 000 2¯0 0 0 0 0 1 1 0 1 1 1
06 000 2¯0 1 1 1 0 0 0 0 1 0 1
10 110 00 0 1 0 0 0 0 0 0 1 0
10 110 00 1 0 1 0 1 1 0 0 0 0
10 110 40 0 1 1 0 1 0 1 0 1 1
10 110 40 1 0 0 0 0 1 1 0 0 1
12 110 20 0 1 0 0 1 1 0 1 0 1
12 110 20 1 0 1 0 0 0 0 1 1 1
Continued on next page
80
TABLE VII – continued
SI Invariants
12 110 2¯0 0 1 1 0 0 1 1 1 0 0
12 110 2¯0 1 0 0 0 1 0 1 1 1 0
14 110 00 0 1 1 0 1 0 1 0 1 1
14 110 00 1 0 0 0 0 1 1 0 0 1
14 110 40 0 1 0 0 0 0 0 0 1 0
14 110 40 1 0 1 0 1 1 0 0 0 0
16 110 20 0 1 1 0 0 1 1 1 0 0
16 110 20 1 0 0 0 1 0 1 1 1 0
16 110 2¯0 0 1 0 0 1 1 0 1 0 1
16 110 2¯0 1 0 1 0 0 0 0 1 1 1
Space group #125 : P4/nbm
Z2,2,2,4 weak m11¯0(2) g0011
2
1
2
0
g11¯01
2
1
2
0
g100
0 1
2
0
2001 2100 2110 4001 i 21101 4¯
001
0000 000 0 0 0 0 0 0 0 0 0 0 0
0000 000 0 0 0 1 0 1 0 1 0 0 1
0000 000 2 0 1 0 0 0 1 1 0 1 1
0000 000 2 0 1 1 0 1 1 0 0 1 0
0002 000 0 1 0 0 0 1 1 0 1 1 1
0002 000 0 1 0 1 0 0 1 1 1 1 0
0002 000 2 1 1 0 0 1 0 1 1 0 0
0002 000 2 1 1 1 0 0 0 0 1 0 1
0010 001 0 0 0 0 0 0 0 0 0 1 0
0010 001 0 0 0 1 0 1 0 1 0 1 1
0010 001 2 0 1 0 0 0 1 1 0 0 1
0010 001 2 0 1 1 0 1 1 0 0 0 0
0012 001 0 1 0 0 0 1 1 0 1 0 1
0012 001 0 1 0 1 0 0 1 1 1 0 0
0012 001 2 1 1 0 0 1 0 1 1 1 0
0012 001 2 1 1 1 0 0 0 0 1 1 1
Space group #126 : P4/nnc
Z2,2,2,4 weak g0011
2
1
2
0
g11¯0
00 1
2
g11¯01
2
1
2
1
2
g100
0 1
2
1
2
2001 2100 2110 4001 i 21101 4¯
001
0000 000 0 0 0 0 0 0 0 0 0 0 0
0000 000 0 0 0 1 0 1 0 1 0 0 1
0000 000 0 1 1 0 0 0 1 1 0 1 1
0000 000 0 1 1 1 0 1 1 0 0 1 0
0002 000 1 0 0 0 0 1 1 0 1 1 1
0002 000 1 0 0 1 0 0 1 1 1 1 0
0002 000 1 1 1 0 0 1 0 1 1 0 0
0002 000 1 1 1 1 0 0 0 0 1 0 1
Space group #127 : P4/mbm
Z4,8 weak m001(4) m11¯0(2) g11¯01
2
1
2
0
g100
0 1
2
0
2001 2110 4001 i 21001 2
110
1 4¯
001
00 000 00 0 0 0 0 0 0 0 0 0 0
00 000 00 2 1 1 0 1 0 0 1 1 0
00 000 04 0 0 1 0 0 1 0 1 0 1
00 000 04 2 1 0 0 1 1 0 0 1 1
00 000 40 0 0 1 0 0 1 0 1 0 1
00 000 40 2 1 0 0 1 1 0 0 1 1
00 000 44 0 0 0 0 0 0 0 0 0 0
00 000 44 2 1 1 0 1 0 0 1 1 0
02 000 20 0 0 0 0 1 0 1 1 1 1
02 000 20 2 1 1 0 0 0 1 0 0 1
02 000 24 0 0 1 0 1 1 1 0 1 0
02 000 24 2 1 0 0 0 1 1 1 0 0
02 000 2¯0 0 0 1 0 1 1 1 0 1 0
02 000 2¯0 2 1 0 0 0 1 1 1 0 0
02 000 2¯4 0 0 0 0 1 0 1 1 1 1
02 000 2¯4 2 1 1 0 0 0 1 0 0 1
04 000 00 0 0 1 0 0 1 0 1 0 1
04 000 00 2 1 0 0 1 1 0 0 1 1
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04 000 04 0 0 0 0 0 0 0 0 0 0
04 000 04 2 1 1 0 1 0 0 1 1 0
04 000 40 0 0 0 0 0 0 0 0 0 0
04 000 40 2 1 1 0 1 0 0 1 1 0
04 000 44 0 0 1 0 0 1 0 1 0 1
04 000 44 2 1 0 0 1 1 0 0 1 1
06 000 20 0 0 1 0 1 1 1 0 1 0
06 000 20 2 1 0 0 0 1 1 1 0 0
06 000 24 0 0 0 0 1 0 1 1 1 1
06 000 24 2 1 1 0 0 0 1 0 0 1
06 000 2¯0 0 0 0 0 1 0 1 1 1 1
06 000 2¯0 2 1 1 0 0 0 1 0 0 1
06 000 2¯4 0 0 1 0 1 1 1 0 1 0
06 000 2¯4 2 1 0 0 0 1 1 1 0 0
10 001 31 0 0 1 0 1 1 0 1 0 1
10 001 31 2 1 0 0 0 1 0 0 1 1
10 001 33¯ 0 0 0 0 1 0 0 0 0 0
10 001 33¯ 2 1 1 0 0 0 0 1 1 0
10 001 1¯1 0 0 0 0 1 0 0 0 0 0
10 001 1¯1 2 1 1 0 0 0 0 1 1 0
10 001 1¯3¯ 0 0 1 0 1 1 0 1 0 1
10 001 1¯3¯ 2 1 0 0 0 1 0 0 1 1
12 001 11 0 0 0 0 0 0 1 1 1 1
12 001 11 2 1 1 0 1 0 1 0 0 1
12 001 13¯ 0 0 1 0 0 1 1 0 1 0
12 001 13¯ 2 1 0 0 1 1 1 1 0 0
12 001 3¯1 0 0 1 0 0 1 1 0 1 0
12 001 3¯1 2 1 0 0 1 1 1 1 0 0
12 001 3¯3¯ 0 0 0 0 0 0 1 1 1 1
12 001 3¯3¯ 2 1 1 0 1 0 1 0 0 1
14 001 31 0 0 0 0 1 0 0 0 0 0
14 001 31 2 1 1 0 0 0 0 1 1 0
14 001 33¯ 0 0 1 0 1 1 0 1 0 1
14 001 33¯ 2 1 0 0 0 1 0 0 1 1
14 001 1¯1 0 0 1 0 1 1 0 1 0 1
14 001 1¯1 2 1 0 0 0 1 0 0 1 1
14 001 1¯3¯ 0 0 0 0 1 0 0 0 0 0
14 001 1¯3¯ 2 1 1 0 0 0 0 1 1 0
16 001 11 0 0 1 0 0 1 1 0 1 0
16 001 11 2 1 0 0 1 1 1 1 0 0
16 001 13¯ 0 0 0 0 0 0 1 1 1 1
16 001 13¯ 2 1 1 0 1 0 1 0 0 1
16 001 3¯1 0 0 0 0 0 0 1 1 1 1
16 001 3¯1 2 1 1 0 1 0 1 0 0 1
16 001 3¯3¯ 0 0 1 0 0 1 1 0 1 0
16 001 3¯3¯ 2 1 0 0 1 1 1 1 0 0
20 000 22 0 0 1 0 0 1 0 1 0 1
20 000 22 2 1 0 0 1 1 0 0 1 1
20 000 22¯ 0 0 0 0 0 0 0 0 0 0
20 000 22¯ 2 1 1 0 1 0 0 1 1 0
20 000 2¯2 0 0 0 0 0 0 0 0 0 0
20 000 2¯2 2 1 1 0 1 0 0 1 1 0
20 000 2¯2¯ 0 0 1 0 0 1 0 1 0 1
20 000 2¯2¯ 2 1 0 0 1 1 0 0 1 1
22 000 02 0 0 0 0 1 0 1 1 1 1
22 000 02 2 1 1 0 0 0 1 0 0 1
22 000 02¯ 0 0 1 0 1 1 1 0 1 0
22 000 02¯ 2 1 0 0 0 1 1 1 0 0
22 000 42 0 0 1 0 1 1 1 0 1 0
22 000 42 2 1 0 0 0 1 1 1 0 0
22 000 42¯ 0 0 0 0 1 0 1 1 1 1
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22 000 42¯ 2 1 1 0 0 0 1 0 0 1
24 000 22 0 0 0 0 0 0 0 0 0 0
24 000 22 2 1 1 0 1 0 0 1 1 0
24 000 22¯ 0 0 1 0 0 1 0 1 0 1
24 000 22¯ 2 1 0 0 1 1 0 0 1 1
24 000 2¯2 0 0 1 0 0 1 0 1 0 1
24 000 2¯2 2 1 0 0 1 1 0 0 1 1
24 000 2¯2¯ 0 0 0 0 0 0 0 0 0 0
24 000 2¯2¯ 2 1 1 0 1 0 0 1 1 0
26 000 02 0 0 1 0 1 1 1 0 1 0
26 000 02 2 1 0 0 0 1 1 1 0 0
26 000 02¯ 0 0 0 0 1 0 1 1 1 1
26 000 02¯ 2 1 1 0 0 0 1 0 0 1
26 000 42 0 0 0 0 1 0 1 1 1 1
26 000 42 2 1 1 0 0 0 1 0 0 1
26 000 42¯ 0 0 1 0 1 1 1 0 1 0
26 000 42¯ 2 1 0 0 0 1 1 1 0 0
30 001 13 0 0 1 0 1 1 0 1 0 1
30 001 13 2 1 0 0 0 1 0 0 1 1
30 001 11¯ 0 0 0 0 1 0 0 0 0 0
30 001 11¯ 2 1 1 0 0 0 0 1 1 0
30 001 3¯3 0 0 0 0 1 0 0 0 0 0
30 001 3¯3 2 1 1 0 0 0 0 1 1 0
30 001 3¯1¯ 0 0 1 0 1 1 0 1 0 1
30 001 3¯1¯ 2 1 0 0 0 1 0 0 1 1
32 001 33 0 0 1 0 0 1 1 0 1 0
32 001 33 2 1 0 0 1 1 1 1 0 0
32 001 31¯ 0 0 0 0 0 0 1 1 1 1
32 001 31¯ 2 1 1 0 1 0 1 0 0 1
32 001 1¯3 0 0 0 0 0 0 1 1 1 1
32 001 1¯3 2 1 1 0 1 0 1 0 0 1
32 001 1¯1¯ 0 0 1 0 0 1 1 0 1 0
32 001 1¯1¯ 2 1 0 0 1 1 1 1 0 0
34 001 13 0 0 0 0 1 0 0 0 0 0
34 001 13 2 1 1 0 0 0 0 1 1 0
34 001 11¯ 0 0 1 0 1 1 0 1 0 1
34 001 11¯ 2 1 0 0 0 1 0 0 1 1
34 001 3¯3 0 0 1 0 1 1 0 1 0 1
34 001 3¯3 2 1 0 0 0 1 0 0 1 1
34 001 3¯1¯ 0 0 0 0 1 0 0 0 0 0
34 001 3¯1¯ 2 1 1 0 0 0 0 1 1 0
36 001 33 0 0 0 0 0 0 1 1 1 1
36 001 33 2 1 1 0 1 0 1 0 0 1
36 001 31¯ 0 0 1 0 0 1 1 0 1 0
36 001 31¯ 2 1 0 0 1 1 1 1 0 0
36 001 1¯3 0 0 1 0 0 1 1 0 1 0
36 001 1¯3 2 1 0 0 1 1 1 1 0 0
36 001 1¯1¯ 0 0 0 0 0 0 1 1 1 1
36 001 1¯1¯ 2 1 1 0 1 0 1 0 0 1
Space group #128 : P4/mnc
Z8 weak m001(4) g11¯000 1
2
g11¯01
2
1
2
1
2
g100
0 1
2
1
2
2001 2110 4001 i 21001 2
110
1 4¯
001
0 000 00 0 0 0 0 0 0 0 0 0 0
0 000 00 1 1 1 0 1 0 0 1 1 0
0 000 40 0 0 1 0 0 1 0 1 0 1
0 000 40 1 1 0 0 1 1 0 0 1 1
2 000 20 0 0 0 0 1 0 1 1 1 1
2 000 20 1 1 1 0 0 0 1 0 0 1
2 000 2¯0 0 0 1 0 1 1 1 0 1 0
2 000 2¯0 1 1 0 0 0 1 1 1 0 0
4 000 00 0 0 1 0 0 1 0 1 0 1
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4 000 00 1 1 0 0 1 1 0 0 1 1
4 000 40 0 0 0 0 0 0 0 0 0 0
4 000 40 1 1 1 0 1 0 0 1 1 0
6 000 20 0 0 1 0 1 1 1 0 1 0
6 000 20 1 1 0 0 0 1 1 1 0 0
6 000 2¯0 0 0 0 0 1 0 1 1 1 1
6 000 2¯0 1 1 1 0 0 0 1 0 0 1
Space group #129 : P4/nmm
Z2,2,2,4 weak m11¯0(2) m100(2) g0011
2
1
2
0
g11¯01
2
1
2
0
2001 2110 4001 i 21001 2
110
1 4¯
001
0000 000 0 00 0 0 0 0 0 0 0 0 0
0000 000 0 20 0 0 0 0 1 0 1 0 1
0000 000 2 00 0 1 0 1 1 0 0 1 1
0000 000 2 20 0 1 0 1 0 0 1 1 0
0002 000 0 00 1 0 0 1 0 1 1 1 1
0002 000 0 20 1 0 0 1 1 1 0 1 0
0002 000 2 00 1 1 0 0 1 1 1 0 0
0002 000 2 20 1 1 0 0 0 1 0 0 1
0010 001 0 00 0 0 0 1 0 0 0 0 0
0010 001 0 20 0 0 0 1 1 0 1 0 1
0010 001 2 00 0 1 0 0 1 0 0 1 1
0010 001 2 20 0 1 0 0 0 0 1 1 0
0012 001 0 00 1 0 0 0 0 1 1 1 1
0012 001 0 20 1 0 0 0 1 1 0 1 0
0012 001 2 00 1 1 0 1 1 1 1 0 0
0012 001 2 20 1 1 0 1 0 1 0 0 1
Space group #130 : P4/ncc
Z2,2,2,4 weak g0011
2
1
2
0
g11¯0
00 1
2
g11¯01
2
1
2
1
2
g100
00 1
2
2001 2110 4001 i 21001 2
110
1 4¯
001
0000 000 0 0 0 0 0 0 0 0 0 0 0
0000 000 0 0 0 1 0 0 1 0 1 0 1
0000 000 0 1 1 0 0 1 1 0 0 1 1
0000 000 0 1 1 1 0 1 0 0 1 1 0
0002 000 1 0 0 0 0 1 0 1 1 1 1
0002 000 1 0 0 1 0 1 1 1 0 1 0
0002 000 1 1 1 0 0 0 1 1 1 0 0
0002 000 1 1 1 1 0 0 0 1 0 0 1
Space group #131 : P42/mmc
Z2,2,2,4 weak m001(4) m100(2) g11¯000 1
2
g11¯01
2
1
2
1
2
2001 2100 2110 i 21101 4
001
2 4¯
001
0000 000 00 00 0 0 0 0 0 0 0 0 0
0000 000 00 00 1 1 0 0 1 0 1 1 1
0000 000 00 02 0 0 0 1 0 0 0 1 1
0000 000 00 02 1 1 0 1 1 0 1 0 0
0000 000 00 20 0 0 0 1 0 0 0 1 1
0000 000 00 20 1 1 0 1 1 0 1 0 0
0000 000 00 22 0 0 0 0 0 0 0 0 0
0000 000 00 22 1 1 0 0 1 0 1 1 1
0000 000 40 00 0 0 0 0 0 0 0 0 0
0000 000 40 00 1 1 0 0 1 0 1 1 1
0000 000 40 02 0 0 0 1 0 0 0 1 1
0000 000 40 02 1 1 0 1 1 0 1 0 0
0000 000 40 20 0 0 0 1 0 0 0 1 1
0000 000 40 20 1 1 0 1 1 0 1 0 0
0000 000 40 22 0 0 0 0 0 0 0 0 0
0000 000 40 22 1 1 0 0 1 0 1 1 1
0002 000 20 00 0 0 0 1 1 1 1 0 1
0002 000 20 00 1 1 0 1 0 1 0 1 0
0002 000 20 02 0 0 0 0 1 1 1 1 0
0002 000 20 02 1 1 0 0 0 1 0 0 1
0002 000 20 20 0 0 0 0 1 1 1 1 0
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0002 000 20 20 1 1 0 0 0 1 0 0 1
0002 000 20 22 0 0 0 1 1 1 1 0 1
0002 000 20 22 1 1 0 1 0 1 0 1 0
0002 000 2¯0 00 0 0 0 1 1 1 1 0 1
0002 000 2¯0 00 1 1 0 1 0 1 0 1 0
0002 000 2¯0 02 0 0 0 0 1 1 1 1 0
0002 000 2¯0 02 1 1 0 0 0 1 0 0 1
0002 000 2¯0 20 0 0 0 0 1 1 1 1 0
0002 000 2¯0 20 1 1 0 0 0 1 0 0 1
0002 000 2¯0 22 0 0 0 1 1 1 1 0 1
0002 000 2¯0 22 1 1 0 1 0 1 0 1 0
1100 110 00 11 0 1 0 1 0 0 1 1 1
1100 110 00 11 1 0 0 1 1 0 0 0 0
1100 110 00 11¯ 0 1 0 0 0 0 1 0 0
1100 110 00 11¯ 1 0 0 0 1 0 0 1 1
1100 110 00 1¯1 0 1 0 0 0 0 1 0 0
1100 110 00 1¯1 1 0 0 0 1 0 0 1 1
1100 110 00 1¯1¯ 0 1 0 1 0 0 1 1 1
1100 110 00 1¯1¯ 1 0 0 1 1 0 0 0 0
1100 110 40 11 0 1 0 1 0 0 1 1 1
1100 110 40 11 1 0 0 1 1 0 0 0 0
1100 110 40 11¯ 0 1 0 0 0 0 1 0 0
1100 110 40 11¯ 1 0 0 0 1 0 0 1 1
1100 110 40 1¯1 0 1 0 0 0 0 1 0 0
1100 110 40 1¯1 1 0 0 0 1 0 0 1 1
1100 110 40 1¯1¯ 0 1 0 1 0 0 1 1 1
1100 110 40 1¯1¯ 1 0 0 1 1 0 0 0 0
1102 110 20 11 0 1 0 0 1 1 0 1 0
1102 110 20 11 1 0 0 0 0 1 1 0 1
1102 110 20 11¯ 0 1 0 1 1 1 0 0 1
1102 110 20 11¯ 1 0 0 1 0 1 1 1 0
1102 110 20 1¯1 0 1 0 1 1 1 0 0 1
1102 110 20 1¯1 1 0 0 1 0 1 1 1 0
1102 110 20 1¯1¯ 0 1 0 0 1 1 0 1 0
1102 110 20 1¯1¯ 1 0 0 0 0 1 1 0 1
1102 110 2¯0 11 0 1 0 0 1 1 0 1 0
1102 110 2¯0 11 1 0 0 0 0 1 1 0 1
1102 110 2¯0 11¯ 0 1 0 1 1 1 0 0 1
1102 110 2¯0 11¯ 1 0 0 1 0 1 1 1 0
1102 110 2¯0 1¯1 0 1 0 1 1 1 0 0 1
1102 110 2¯0 1¯1 1 0 0 1 0 1 1 1 0
1102 110 2¯0 1¯1¯ 0 1 0 0 1 1 0 1 0
1102 110 2¯0 1¯1¯ 1 0 0 0 0 1 1 0 1
Space group #132 : P42/mcm
Z2,2,2,4 weak m001(4) m11¯0(2) g11¯01
2
1
2
0
g100
00 1
2
2001 2100 2110 i 21101 4
001
2 4¯
001
0000 000 00 0 0 0 0 0 0 0 0 0 0
0000 000 00 0 0 1 0 1 0 0 0 1 1
0000 000 00 2 1 0 0 0 1 0 1 1 1
0000 000 00 2 1 1 0 1 1 0 1 0 0
0000 000 40 0 0 0 0 0 0 0 0 0 0
0000 000 40 0 0 1 0 1 0 0 0 1 1
0000 000 40 2 1 0 0 0 1 0 1 1 1
0000 000 40 2 1 1 0 1 1 0 1 0 0
0002 000 20 0 0 0 0 1 1 1 1 0 1
0002 000 20 0 0 1 0 0 1 1 1 1 0
0002 000 20 2 1 0 0 1 0 1 0 1 0
0002 000 20 2 1 1 0 0 0 1 0 0 1
0002 000 2¯0 0 0 0 0 1 1 1 1 0 1
0002 000 2¯0 0 0 1 0 0 1 1 1 1 0
0002 000 2¯0 2 1 0 0 1 0 1 0 1 0
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0002 000 2¯0 2 1 1 0 0 0 1 0 0 1
1100 110 00 0 1 0 0 0 0 0 1 0 0
1100 110 00 0 1 1 0 1 0 0 1 1 1
1100 110 00 2 0 0 0 0 1 0 0 1 1
1100 110 00 2 0 1 0 1 1 0 0 0 0
1100 110 40 0 1 0 0 0 0 0 1 0 0
1100 110 40 0 1 1 0 1 0 0 1 1 1
1100 110 40 2 0 0 0 0 1 0 0 1 1
1100 110 40 2 0 1 0 1 1 0 0 0 0
1102 110 20 0 1 0 0 1 1 1 0 0 1
1102 110 20 0 1 1 0 0 1 1 0 1 0
1102 110 20 2 0 0 0 1 0 1 1 1 0
1102 110 20 2 0 1 0 0 0 1 1 0 1
1102 110 2¯0 0 1 0 0 1 1 1 0 0 1
1102 110 2¯0 0 1 1 0 0 1 1 0 1 0
1102 110 2¯0 2 0 0 0 1 0 1 1 1 0
1102 110 2¯0 2 0 1 0 0 0 1 1 0 1
Space group #133 : P42/nbc
Z2,2,2,4 weak g0011
2
1
2
0
g11¯0
00 1
2
g11¯01
2
1
2
1
2
g100
0 1
2
0
2001 2100 2110 i 21101 4
001
2 4¯
001
0000 000 0 0 0 0 0 0 0 0 0 0 0
0000 000 0 0 0 1 0 1 0 0 0 1 1
0000 000 0 1 1 0 0 0 1 0 1 1 1
0000 000 0 1 1 1 0 1 1 0 1 0 0
0002 000 1 0 0 0 0 1 1 1 1 0 1
0002 000 1 0 0 1 0 0 1 1 1 1 0
0002 000 1 1 1 0 0 1 0 1 0 1 0
0002 000 1 1 1 1 0 0 0 1 0 0 1
Space group #134 : P42/nnm
Z2,2,2,4 weak m11¯0(2) g0011
2
1
2
0
g11¯01
2
1
2
0
g100
0 1
2
1
2
2001 2100 2110 i 21101 4
001
2 4¯
001
0000 000 0 0 0 0 0 0 0 0 0 0 0
0000 000 0 0 0 1 0 1 0 0 0 1 1
0000 000 2 0 1 0 0 0 1 0 1 1 1
0000 000 2 0 1 1 0 1 1 0 1 0 0
0002 000 0 1 0 0 0 1 1 1 1 0 1
0002 000 0 1 0 1 0 0 1 1 1 1 0
0002 000 2 1 1 0 0 1 0 1 0 1 0
0002 000 2 1 1 1 0 0 0 1 0 0 1
Space group #135 : P42/mbc
Z2,2,2,4 weak m001(4) g11¯000 1
2
g11¯01
2
1
2
1
2
g100
0 1
2
0
2001 2110 i 21001 2
110
1 4
001
2 4¯
001
0000 000 00 0 0 0 0 0 0 0 0 0 0
0000 000 00 0 0 1 0 0 0 1 0 1 1
0000 000 00 1 1 0 0 1 0 0 1 1 1
0000 000 00 1 1 1 0 1 0 1 1 0 0
0000 000 40 0 0 0 0 0 0 0 0 0 0
0000 000 40 0 0 1 0 0 0 1 0 1 1
0000 000 40 1 1 0 0 1 0 0 1 1 1
0000 000 40 1 1 1 0 1 0 1 1 0 0
0002 000 20 0 0 0 0 1 1 1 1 0 1
0002 000 20 0 0 1 0 1 1 0 1 1 0
0002 000 20 1 1 0 0 0 1 1 0 1 0
0002 000 20 1 1 1 0 0 1 0 0 0 1
0002 000 2¯0 0 0 0 0 1 1 1 1 0 1
0002 000 2¯0 0 0 1 0 1 1 0 1 1 0
0002 000 2¯0 1 1 0 0 0 1 1 0 1 0
0002 000 2¯0 1 1 1 0 0 1 0 0 0 1
Space group #136 : P42/mnm
Z2,2,2,4 weak m001(4) m11¯0(2) g11¯01
2
1
2
0
g100
0 1
2
1
2
2001 2110 i 21001 2
110
1 4
001
2 4¯
001
0000 000 00 0 0 0 0 0 0 0 0 0 0
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0000 000 00 0 0 1 0 0 0 1 0 1 1
0000 000 00 2 1 0 0 1 0 0 1 1 1
0000 000 00 2 1 1 0 1 0 1 1 0 0
0000 000 40 0 0 0 0 0 0 0 0 0 0
0000 000 40 0 0 1 0 0 0 1 0 1 1
0000 000 40 2 1 0 0 1 0 0 1 1 1
0000 000 40 2 1 1 0 1 0 1 1 0 0
0002 000 20 0 0 0 0 1 1 1 1 0 1
0002 000 20 0 0 1 0 1 1 0 1 1 0
0002 000 20 2 1 0 0 0 1 1 0 1 0
0002 000 20 2 1 1 0 0 1 0 0 0 1
0002 000 2¯0 0 0 0 0 1 1 1 1 0 1
0002 000 2¯0 0 0 1 0 1 1 0 1 1 0
0002 000 2¯0 2 1 0 0 0 1 1 0 1 0
0002 000 2¯0 2 1 1 0 0 1 0 0 0 1
Space group #137 : P42/nmc
Z2,2,2,4 weak m100(2) g0011
2
1
2
0
g11¯0
00 1
2
g11¯01
2
1
2
1
2
2001 2110 i 21001 2
110
1 4
001
2 4¯
001
0000 000 00 0 0 0 0 0 0 0 0 0 0
0000 000 00 0 1 1 0 1 0 0 1 1 1
0000 000 20 0 0 0 0 0 0 1 0 1 1
0000 000 20 0 1 1 0 1 0 1 1 0 0
0002 000 00 1 0 0 0 1 1 1 1 0 1
0002 000 00 1 1 1 0 0 1 1 0 1 0
0002 000 20 1 0 0 0 1 1 0 1 1 0
0002 000 20 1 1 1 0 0 1 0 0 0 1
Space group #138 : P42/ncm
Z2,2,2,4 weak m11¯0(2) g0011
2
1
2
0
g11¯01
2
1
2
0
g100
00 1
2
2001 2110 i 21001 2
110
1 4
001
2 4¯
001
0000 000 0 0 0 0 0 0 0 0 0 0 0
0000 000 0 0 0 1 0 0 0 1 0 1 1
0000 000 2 0 1 0 0 1 0 0 1 1 1
0000 000 2 0 1 1 0 1 0 1 1 0 0
0002 000 0 1 0 0 0 1 1 1 1 0 1
0002 000 0 1 0 1 0 1 1 0 1 1 0
0002 000 2 1 1 0 0 0 1 1 0 1 0
0002 000 2 1 1 1 0 0 1 0 0 0 1
Space group #139 : I4/mmm
Z2,8 weak m001(4) m11¯0(2) m100(2) g0011
2
1
2
0
g11¯01
2
1
2
0
g100
0 1
2
1
2
2001 2100 2110 4001 i 20011 2
100
1 2
110
1 4
001
2 4¯
001
00 000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
00 000 0 2 2 0 1 1 0 1 1 0 0 0 1 1 0 0
00 000 4 0 2 0 0 1 0 1 0 1 0 0 1 0 1 1
00 000 4 2 0 0 1 0 0 0 1 1 0 0 0 1 1 1
02 000 2 0 0 1 0 0 0 1 1 0 1 0 1 1 0 1
02 000 2 2 2 1 1 1 0 0 0 0 1 0 0 0 0 1
02 000 2¯ 0 2 1 0 1 0 0 1 1 1 0 0 1 1 0
02 000 2¯ 2 0 1 1 0 0 1 0 1 1 0 1 0 1 0
04 000 0 0 2 0 0 1 0 1 0 1 0 0 1 0 1 1
04 000 0 2 0 0 1 0 0 0 1 1 0 0 0 1 1 1
04 000 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
04 000 4 2 2 0 1 1 0 1 1 0 0 0 1 1 0 0
06 000 2 0 2 1 0 1 0 0 1 1 1 0 0 1 1 0
06 000 2 2 0 1 1 0 0 1 0 1 1 0 1 0 1 0
06 000 2¯ 0 0 1 0 0 0 1 1 0 1 0 1 1 0 1
06 000 2¯ 2 2 1 1 1 0 0 0 0 1 0 0 0 0 1
10 111 0 0 0 1 0 1 0 0 0 0 0 1 1 1 1 0
10 111 0 2 2 1 1 0 0 1 1 0 0 1 0 0 1 0
10 111 4 0 2 1 0 0 0 1 0 1 0 1 0 1 0 1
10 111 4 2 0 1 1 1 0 0 1 1 0 1 1 0 0 1
12 111 2 0 0 0 0 1 0 1 1 0 1 1 0 0 1 1
Continued on next page
87
TABLE VII – continued
SI Invariants
12 111 2 2 2 0 1 0 0 0 0 0 1 1 1 1 1 1
12 111 2¯ 0 2 0 0 0 0 0 1 1 1 1 1 0 0 0
12 111 2¯ 2 0 0 1 1 0 1 0 1 1 1 0 1 0 0
14 111 0 0 2 1 0 0 0 1 0 1 0 1 0 1 0 1
14 111 0 2 0 1 1 1 0 0 1 1 0 1 1 0 0 1
14 111 4 0 0 1 0 1 0 0 0 0 0 1 1 1 1 0
14 111 4 2 2 1 1 0 0 1 1 0 0 1 0 0 1 0
16 111 2 0 2 0 0 0 0 0 1 1 1 1 1 0 0 0
16 111 2 2 0 0 1 1 0 1 0 1 1 1 0 1 0 0
16 111 2¯ 0 0 0 0 1 0 1 1 0 1 1 0 0 1 1
16 111 2¯ 2 2 0 1 0 0 0 0 0 1 1 1 1 1 1
Space group #140 : I4/mcm
Z2,8 weak m001(4) m11¯0(2) g0011
2
1
2
0
g11¯01
2
1
2
0
g100
00 1
2
g100
0 1
2
0
2001 2100 2110 4001 i 20011 2
100
1 2
110
1 4
001
2 4¯
001
00 000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
00 000 0 2 0 1 1 1 0 1 1 0 0 0 1 1 0 0
00 000 4 0 0 0 1 1 0 1 0 1 0 0 1 0 1 1
00 000 4 2 0 1 0 0 0 0 1 1 0 0 0 1 1 1
02 000 2 0 1 0 0 0 0 1 1 0 1 0 1 1 0 1
02 000 2 2 1 1 1 1 0 0 0 0 1 0 0 0 0 1
02 000 2¯ 0 1 0 1 1 0 0 1 1 1 0 0 1 1 0
02 000 2¯ 2 1 1 0 0 0 1 0 1 1 0 1 0 1 0
04 000 0 0 0 0 1 1 0 1 0 1 0 0 1 0 1 1
04 000 0 2 0 1 0 0 0 0 1 1 0 0 0 1 1 1
04 000 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
04 000 4 2 0 1 1 1 0 1 1 0 0 0 1 1 0 0
06 000 2 0 1 0 1 1 0 0 1 1 1 0 0 1 1 0
06 000 2 2 1 1 0 0 0 1 0 1 1 0 1 0 1 0
06 000 2¯ 0 1 0 0 0 0 1 1 0 1 0 1 1 0 1
06 000 2¯ 2 1 1 1 1 0 0 0 0 1 0 0 0 0 1
10 111 0 0 1 0 1 0 0 1 1 0 0 1 0 0 1 0
10 111 0 2 1 1 0 1 0 0 0 0 0 1 1 1 1 0
10 111 4 0 1 0 0 1 0 0 1 1 0 1 1 0 0 1
10 111 4 2 1 1 1 0 0 1 0 1 0 1 0 1 0 1
12 111 2 0 0 0 1 0 0 0 0 0 1 1 1 1 1 1
12 111 2 2 0 1 0 1 0 1 1 0 1 1 0 0 1 1
12 111 2¯ 0 0 0 0 1 0 1 0 1 1 1 0 1 0 0
12 111 2¯ 2 0 1 1 0 0 0 1 1 1 1 1 0 0 0
14 111 0 0 1 0 0 1 0 0 1 1 0 1 1 0 0 1
14 111 0 2 1 1 1 0 0 1 0 1 0 1 0 1 0 1
14 111 4 0 1 0 1 0 0 1 1 0 0 1 0 0 1 0
14 111 4 2 1 1 0 1 0 0 0 0 0 1 1 1 1 0
16 111 2 0 0 0 0 1 0 1 0 1 1 1 0 1 0 0
16 111 2 2 0 1 1 0 0 0 1 1 1 1 1 0 0 0
16 111 2¯ 0 0 0 1 0 0 0 0 0 1 1 1 1 1 1
16 111 2¯ 2 0 1 0 1 0 1 1 0 1 1 0 0 1 1
Space group #141 : I41/amd
Z2,2,2,4 weak m100(2) g0010 1
2
0
g0011
2
00
g11¯01
4
1
4
1¯
4
g11¯01
4
1
4
1
4
g100
0 1
2
1
2
2001 2100 2110 i 20011 2
100
1 2
110
1 4
001
1 4
001
3 4¯
001
0000 000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0000 000 0 0 0 1 1 0 0 0 1 0 0 0 1 1 1 1
0000 000 2 0 0 0 0 1 0 1 0 0 0 1 0 1 1 1
0000 000 2 0 0 1 1 1 0 1 1 0 0 1 1 0 0 0
0002 000 0 1 1 0 0 0 0 1 1 1 0 1 1 0 0 1
0002 000 0 1 1 1 1 0 0 1 0 1 0 1 0 1 1 0
0002 000 2 1 1 0 0 1 0 0 1 1 0 0 1 1 1 0
0002 000 2 1 1 1 1 1 0 0 0 1 0 0 0 0 0 1
Space group #142 : I41/acd
Z2,2,2,4 weak g0010 1
2
0
g0011
2
00
g11¯01
4
1
4
1¯
4
g11¯01
4
1
4
1
4
g100
00 1
2
g100
0 1
2
0
2001 2100 2110 i 20011 2
100
1 2
110
1 4
001
1 4
001
3 4¯
001
0000 000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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0000 000 0 0 0 0 1 1 0 1 0 0 0 1 0 1 1 1
0000 000 0 0 1 1 0 0 0 0 1 0 0 0 1 1 1 1
0000 000 0 0 1 1 1 1 0 1 1 0 0 1 1 0 0 0
0002 000 1 1 0 0 0 0 0 1 1 1 0 1 1 0 0 1
0002 000 1 1 0 0 1 1 0 0 1 1 0 0 1 1 1 0
0002 000 1 1 1 1 0 0 0 1 0 1 0 1 0 1 1 0
0002 000 1 1 1 1 1 1 0 0 0 1 0 0 0 0 0 1
Space group #147 : P 3¯
Z2,2,2,4 weak i
0000 000 0
0002 000 1
0010 001 0
0012 001 1
Space group #148 : R3¯
Z2,2,2,4 weak i
0000 000 0
0002 000 1
1110 111 0
1112 111 1
Space group #162 : P 3¯1m
Z2,2,2,4 weak m010(2) g0101
2
00
2120 i 21201
0000 000 0 0 0 0 0
0000 000 2 1 1 0 1
0002 000 0 0 1 1 1
0002 000 2 1 0 1 0
0010 001 0 0 0 0 0
0010 001 2 1 1 0 1
0012 001 0 0 1 1 1
0012 001 2 1 0 1 0
Space group #163 : P 3¯1c
Z2,2,2,4 weak g01000 1
2
g0101
2
0 1
2
2120 i 21201
0000 000 0 0 0 0 0
0000 000 1 1 1 0 1
0002 000 0 0 1 1 1
0002 000 1 1 0 1 0
Space group #164 : P 3¯m1
Z2,2,2,4 weak m2¯10(2) g2¯101
2
10
2100 i 21001
0000 000 0 0 0 0 0
0000 000 2 1 1 0 1
0002 000 0 0 1 1 1
0002 000 2 1 0 1 0
0010 001 0 0 0 0 0
0010 001 2 1 1 0 1
0012 001 0 0 1 1 1
0012 001 2 1 0 1 0
Space group #165 : P 3¯c1
Z2,2,2,4 weak g2¯1000 1
2
g2¯101
2
1 1
2
2100 i 21001
0000 000 0 0 0 0 0
0000 000 1 1 1 0 1
0002 000 0 0 1 1 1
0002 000 1 1 0 1 0
Space group #166 : R3¯m
Z2,2,2,4 weak m2¯10(2) g2¯101
6
1
3
1
3
2100 i 21001
0000 000 0 0 0 0 0
0000 000 2 1 1 0 1
0002 000 0 0 1 1 1
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0002 000 2 1 0 1 0
1110 111 0 1 0 0 0
1110 111 2 0 1 0 1
1112 111 0 1 1 1 1
1112 111 2 0 0 1 0
Space group #167 : R3¯c
Z2,2,2,4 weak g2¯101¯
6
1¯
3
1
6
g2¯10
00 1
2
2100 i 21001
0000 000 0 0 0 0 0
0000 000 1 1 1 0 1
0002 000 0 0 1 1 1
0002 000 1 1 0 1 0
Space group #174 : P 6¯
Z3,3 weak m001(3)
00 000 00
00 001 33
01 000 02¯
01 001 31
02 000 02
02 001 31¯
10 000 2¯0
10 001 13
11 000 2¯2¯
11 001 11
12 000 2¯2
12 001 11¯
20 000 20
20 001 1¯3
21 000 22¯
21 001 1¯1
22 000 22
22 001 1¯1¯
Space group #175 : P6/m
Z6,12 weak m001(6) 2001 6001 i
0, 0 000 00 0 0 0
0, 0 000 06 1 1 0
0, 0 000 60 1 1 0
0, 0 000 66 0 0 0
0, 2 000 20 0 0 1
0, 2 000 26 1 1 1
0, 2 000 4¯0 1 1 1
0, 2 000 4¯6 0 0 1
0, 4 000 40 0 0 0
0, 4 000 46 1 1 0
0, 4 000 2¯0 1 1 0
0, 4 000 2¯6 0 0 0
0, 6 000 00 1 1 1
0, 6 000 06 0 0 1
0, 6 000 60 0 0 1
0, 6 000 66 1 1 1
0, 8 000 20 1 1 0
0, 8 000 26 0 0 0
0, 8 000 4¯0 0 0 0
0, 8 000 4¯6 1 1 0
0,10 000 40 1 1 1
0,10 000 46 0 0 1
0,10 000 2¯0 0 0 1
0,10 000 2¯6 1 1 1
1, 0 001 51 1 1 0
1, 0 001 55¯ 0 0 0
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1, 0 001 1¯1 0 0 0
1, 0 001 1¯5¯ 1 1 0
1, 2 001 11 0 0 1
1, 2 001 15¯ 1 1 1
1, 2 001 5¯1 1 1 1
1, 2 001 5¯5¯ 0 0 1
1, 4 001 31 0 0 0
1, 4 001 35¯ 1 1 0
1, 4 001 3¯1 1 1 0
1, 4 001 3¯5¯ 0 0 0
1, 6 001 51 0 0 1
1, 6 001 55¯ 1 1 1
1, 6 001 1¯1 1 1 1
1, 6 001 1¯5¯ 0 0 1
1, 8 001 11 1 1 0
1, 8 001 15¯ 0 0 0
1, 8 001 5¯1 0 0 0
1, 8 001 5¯5¯ 1 1 0
1,10 001 31 1 1 1
1,10 001 35¯ 0 0 1
1,10 001 3¯1 0 0 1
1,10 001 3¯5¯ 1 1 1
2, 0 000 42 1 1 0
2, 0 000 44¯ 0 0 0
2, 0 000 2¯2 0 0 0
2, 0 000 2¯4¯ 1 1 0
2, 2 000 02 0 0 1
2, 2 000 04¯ 1 1 1
2, 2 000 62 1 1 1
2, 2 000 64¯ 0 0 1
2, 4 000 22 0 0 0
2, 4 000 24¯ 1 1 0
2, 4 000 4¯2 1 1 0
2, 4 000 4¯4¯ 0 0 0
2, 6 000 42 0 0 1
2, 6 000 44¯ 1 1 1
2, 6 000 2¯2 1 1 1
2, 6 000 2¯4¯ 0 0 1
2, 8 000 02 1 1 0
2, 8 000 04¯ 0 0 0
2, 8 000 62 0 0 0
2, 8 000 64¯ 1 1 0
2,10 000 22 1 1 1
2,10 000 24¯ 0 0 1
2,10 000 4¯2 0 0 1
2,10 000 4¯4¯ 1 1 1
3, 0 001 33 1 1 0
3, 0 001 33¯ 0 0 0
3, 0 001 3¯3 0 0 0
3, 0 001 3¯3¯ 1 1 0
3, 2 001 53 1 1 1
3, 2 001 53¯ 0 0 1
3, 2 001 1¯3 0 0 1
3, 2 001 1¯3¯ 1 1 1
3, 4 001 13 0 0 0
3, 4 001 13¯ 1 1 0
3, 4 001 5¯3 1 1 0
3, 4 001 5¯3¯ 0 0 0
3, 6 001 33 0 0 1
3, 6 001 33¯ 1 1 1
3, 6 001 3¯3 1 1 1
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3, 6 001 3¯3¯ 0 0 1
3, 8 001 53 0 0 0
3, 8 001 53¯ 1 1 0
3, 8 001 1¯3 1 1 0
3, 8 001 1¯3¯ 0 0 0
3,10 001 13 1 1 1
3,10 001 13¯ 0 0 1
3,10 001 5¯3 0 0 1
3,10 001 5¯3¯ 1 1 1
4, 0 000 24 1 1 0
4, 0 000 22¯ 0 0 0
4, 0 000 4¯4 0 0 0
4, 0 000 4¯2¯ 1 1 0
4, 2 000 44 1 1 1
4, 2 000 42¯ 0 0 1
4, 2 000 2¯4 0 0 1
4, 2 000 2¯2¯ 1 1 1
4, 4 000 04 0 0 0
4, 4 000 02¯ 1 1 0
4, 4 000 64 1 1 0
4, 4 000 62¯ 0 0 0
4, 6 000 24 0 0 1
4, 6 000 22¯ 1 1 1
4, 6 000 4¯4 1 1 1
4, 6 000 4¯2¯ 0 0 1
4, 8 000 44 0 0 0
4, 8 000 42¯ 1 1 0
4, 8 000 2¯4 1 1 0
4, 8 000 2¯2¯ 0 0 0
4,10 000 04 1 1 1
4,10 000 02¯ 0 0 1
4,10 000 64 0 0 1
4,10 000 62¯ 1 1 1
5, 0 001 15 1 1 0
5, 0 001 11¯ 0 0 0
5, 0 001 5¯5 0 0 0
5, 0 001 5¯1¯ 1 1 0
5, 2 001 35 1 1 1
5, 2 001 31¯ 0 0 1
5, 2 001 3¯5 0 0 1
5, 2 001 3¯1¯ 1 1 1
5, 4 001 55 1 1 0
5, 4 001 51¯ 0 0 0
5, 4 001 1¯5 0 0 0
5, 4 001 1¯1¯ 1 1 0
5, 6 001 15 0 0 1
5, 6 001 11¯ 1 1 1
5, 6 001 5¯5 1 1 1
5, 6 001 5¯1¯ 0 0 1
5, 8 001 35 0 0 0
5, 8 001 31¯ 1 1 0
5, 8 001 3¯5 1 1 0
5, 8 001 3¯1¯ 0 0 0
5,10 001 55 0 0 1
5,10 001 51¯ 1 1 1
5,10 001 1¯5 1 1 1
5,10 001 1¯1¯ 0 0 1
Space group #176 : P63/m
Z12 weak m001(6) i 20011 60013
0 000 00 0 0 0
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0 000 60 0 1 1
2 000 20 1 0 0
2 000 4¯0 1 1 1
4 000 40 0 0 0
4 000 2¯0 0 1 1
6 000 00 1 1 1
6 000 60 1 0 0
8 000 20 0 1 1
8 000 4¯0 0 0 0
10 000 40 1 1 1
10 000 2¯0 1 0 0
Space group #187 : P 6¯m2
Z3,3 weak m1¯20(2) m001(3) g1¯201 1
2
0
211¯0 211¯01
00 000 0 00 0 0 0
00 000 0 00 0 1 1
00 000 2 00 1 0 0
00 000 2 00 1 1 1
00 001 0 33 0 0 1
00 001 0 33 0 1 0
00 001 2 33 1 0 1
00 001 2 33 1 1 0
01 000 0 02¯ 0 0 0
01 000 0 02¯ 0 1 1
01 000 2 02¯ 1 0 0
01 000 2 02¯ 1 1 1
01 001 0 31 0 0 1
01 001 0 31 0 1 0
01 001 2 31 1 0 1
01 001 2 31 1 1 0
02 000 0 02 0 0 0
02 000 0 02 0 1 1
02 000 2 02 1 0 0
02 000 2 02 1 1 1
02 001 0 31¯ 0 0 1
02 001 0 31¯ 0 1 0
02 001 2 31¯ 1 0 1
02 001 2 31¯ 1 1 0
10 000 0 2¯0 0 0 0
10 000 0 2¯0 0 1 1
10 000 2 2¯0 1 0 0
10 000 2 2¯0 1 1 1
10 001 0 13 0 0 1
10 001 0 13 0 1 0
10 001 2 13 1 0 1
10 001 2 13 1 1 0
11 000 0 2¯2¯ 0 0 0
11 000 0 2¯2¯ 0 1 1
11 000 2 2¯2¯ 1 0 0
11 000 2 2¯2¯ 1 1 1
11 001 0 11 0 0 1
11 001 0 11 0 1 0
11 001 2 11 1 0 1
11 001 2 11 1 1 0
12 000 0 2¯2 0 0 0
12 000 0 2¯2 0 1 1
12 000 2 2¯2 1 0 0
12 000 2 2¯2 1 1 1
12 001 0 11¯ 0 0 1
12 001 0 11¯ 0 1 0
12 001 2 11¯ 1 0 1
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12 001 2 11¯ 1 1 0
20 000 0 20 0 0 0
20 000 0 20 0 1 1
20 000 2 20 1 0 0
20 000 2 20 1 1 1
20 001 0 1¯3 0 0 1
20 001 0 1¯3 0 1 0
20 001 2 1¯3 1 0 1
20 001 2 1¯3 1 1 0
21 000 0 22¯ 0 0 0
21 000 0 22¯ 0 1 1
21 000 2 22¯ 1 0 0
21 000 2 22¯ 1 1 1
21 001 0 1¯1 0 0 1
21 001 0 1¯1 0 1 0
21 001 2 1¯1 1 0 1
21 001 2 1¯1 1 1 0
22 000 0 22 0 0 0
22 000 0 22 0 1 1
22 000 2 22 1 0 0
22 000 2 22 1 1 1
22 001 0 1¯1¯ 0 0 1
22 001 0 1¯1¯ 0 1 0
22 001 2 1¯1¯ 1 0 1
22 001 2 1¯1¯ 1 1 0
Space group #188 : P 6¯c2
Z3 weak m001(3) g1¯2000 1
2
g1¯20
1 1
2
1
2
211¯0 211¯01
0 000 00 0 0 0 0
0 000 00 0 0 1 1
0 000 00 1 1 0 0
0 000 00 1 1 1 1
1 000 2¯0 0 0 0 0
1 000 2¯0 0 0 1 1
1 000 2¯0 1 1 0 0
1 000 2¯0 1 1 1 1
2 000 20 0 0 0 0
2 000 20 0 0 1 1
2 000 20 1 1 0 0
2 000 20 1 1 1 1
Space group #189 : P 6¯2m
Z3,3 weak m001(3) m11¯0(2) g11¯01
2
1
2
0
2010 20101
00 000 00 0 0 0 0
00 000 00 0 0 1 1
00 000 00 2 1 0 0
00 000 00 2 1 1 1
00 001 33 0 0 0 1
00 001 33 0 0 1 0
00 001 33 2 1 0 1
00 001 33 2 1 1 0
01 000 02¯ 0 0 0 0
01 000 02¯ 0 0 1 1
01 000 02¯ 2 1 0 0
01 000 02¯ 2 1 1 1
01 001 31 0 0 0 1
01 001 31 0 0 1 0
01 001 31 2 1 0 1
01 001 31 2 1 1 0
02 000 02 0 0 0 0
02 000 02 0 0 1 1
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02 000 02 2 1 0 0
02 000 02 2 1 1 1
02 001 31¯ 0 0 0 1
02 001 31¯ 0 0 1 0
02 001 31¯ 2 1 0 1
02 001 31¯ 2 1 1 0
10 000 2¯0 0 0 0 0
10 000 2¯0 0 0 1 1
10 000 2¯0 2 1 0 0
10 000 2¯0 2 1 1 1
10 001 13 0 0 0 1
10 001 13 0 0 1 0
10 001 13 2 1 0 1
10 001 13 2 1 1 0
11 000 2¯2¯ 0 0 0 0
11 000 2¯2¯ 0 0 1 1
11 000 2¯2¯ 2 1 0 0
11 000 2¯2¯ 2 1 1 1
11 001 11 0 0 0 1
11 001 11 0 0 1 0
11 001 11 2 1 0 1
11 001 11 2 1 1 0
12 000 2¯2 0 0 0 0
12 000 2¯2 0 0 1 1
12 000 2¯2 2 1 0 0
12 000 2¯2 2 1 1 1
12 001 11¯ 0 0 0 1
12 001 11¯ 0 0 1 0
12 001 11¯ 2 1 0 1
12 001 11¯ 2 1 1 0
20 000 20 0 0 0 0
20 000 20 0 0 1 1
20 000 20 2 1 0 0
20 000 20 2 1 1 1
20 001 1¯3 0 0 0 1
20 001 1¯3 0 0 1 0
20 001 1¯3 2 1 0 1
20 001 1¯3 2 1 1 0
21 000 22¯ 0 0 0 0
21 000 22¯ 0 0 1 1
21 000 22¯ 2 1 0 0
21 000 22¯ 2 1 1 1
21 001 1¯1 0 0 0 1
21 001 1¯1 0 0 1 0
21 001 1¯1 2 1 0 1
21 001 1¯1 2 1 1 0
22 000 22 0 0 0 0
22 000 22 0 0 1 1
22 000 22 2 1 0 0
22 000 22 2 1 1 1
22 001 1¯1¯ 0 0 0 1
22 001 1¯1¯ 0 0 1 0
22 001 1¯1¯ 2 1 0 1
22 001 1¯1¯ 2 1 1 0
Space group #190 : P 6¯2c
Z3 weak m001(3) g11¯000 1
2
g11¯01
2
1
2
1
2
2010 20101
0 000 00 0 0 0 0
0 000 00 0 0 1 1
0 000 00 1 1 0 0
0 000 00 1 1 1 1
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TABLE VII – continued
SI Invariants
1 000 2¯0 0 0 0 0
1 000 2¯0 0 0 1 1
1 000 2¯0 1 1 0 0
1 000 2¯0 1 1 1 1
2 000 20 0 0 0 0
2 000 20 0 0 1 1
2 000 20 1 1 0 0
2 000 20 1 1 1 1
Space group #191 : P6/mmm
Z6,12 weak m1¯20(2) m001(6) m010(2) g1¯201 1
2
0
g0101
2
00
2001 2010 211¯0 6001 i 20101 2
11¯0
1
0, 0 000 0 00 0 0 0 0 0 0 0 0 0 0
0, 0 000 0 06 2 0 1 1 0 1 1 0 0 1
0, 0 000 0 60 2 0 1 1 0 1 1 0 0 1
0, 0 000 0 66 0 0 0 0 0 0 0 0 0 0
0, 0 000 2 00 2 1 1 0 1 1 0 0 1 1
0, 0 000 2 06 0 1 0 1 1 0 1 0 1 0
0, 0 000 2 60 0 1 0 1 1 0 1 0 1 0
0, 0 000 2 66 2 1 1 0 1 1 0 0 1 1
0, 2 000 0 20 0 0 0 0 1 1 0 1 1 1
0, 2 000 0 26 2 0 1 1 1 0 1 1 1 0
0, 2 000 0 4¯0 2 0 1 1 1 0 1 1 1 0
0, 2 000 0 4¯6 0 0 0 0 1 1 0 1 1 1
0, 2 000 2 20 2 1 1 0 0 0 0 1 0 0
0, 2 000 2 26 0 1 0 1 0 1 1 1 0 1
0, 2 000 2 4¯0 0 1 0 1 0 1 1 1 0 1
0, 2 000 2 4¯6 2 1 1 0 0 0 0 1 0 0
0, 4 000 0 40 0 0 0 0 0 0 0 0 0 0
0, 4 000 0 46 2 0 1 1 0 1 1 0 0 1
0, 4 000 0 2¯0 2 0 1 1 0 1 1 0 0 1
0, 4 000 0 2¯6 0 0 0 0 0 0 0 0 0 0
0, 4 000 2 40 2 1 1 0 1 1 0 0 1 1
0, 4 000 2 46 0 1 0 1 1 0 1 0 1 0
0, 4 000 2 2¯0 0 1 0 1 1 0 1 0 1 0
0, 4 000 2 2¯6 2 1 1 0 1 1 0 0 1 1
0, 6 000 0 00 2 0 1 1 1 0 1 1 1 0
0, 6 000 0 06 0 0 0 0 1 1 0 1 1 1
0, 6 000 0 60 0 0 0 0 1 1 0 1 1 1
0, 6 000 0 66 2 0 1 1 1 0 1 1 1 0
0, 6 000 2 00 0 1 0 1 0 1 1 1 0 1
0, 6 000 2 06 2 1 1 0 0 0 0 1 0 0
0, 6 000 2 60 2 1 1 0 0 0 0 1 0 0
0, 6 000 2 66 0 1 0 1 0 1 1 1 0 1
0, 8 000 0 20 2 0 1 1 0 1 1 0 0 1
0, 8 000 0 26 0 0 0 0 0 0 0 0 0 0
0, 8 000 0 4¯0 0 0 0 0 0 0 0 0 0 0
0, 8 000 0 4¯6 2 0 1 1 0 1 1 0 0 1
0, 8 000 2 20 0 1 0 1 1 0 1 0 1 0
0, 8 000 2 26 2 1 1 0 1 1 0 0 1 1
0, 8 000 2 4¯0 2 1 1 0 1 1 0 0 1 1
0, 8 000 2 4¯6 0 1 0 1 1 0 1 0 1 0
0,10 000 0 40 2 0 1 1 1 0 1 1 1 0
0,10 000 0 46 0 0 0 0 1 1 0 1 1 1
0,10 000 0 2¯0 0 0 0 0 1 1 0 1 1 1
0,10 000 0 2¯6 2 0 1 1 1 0 1 1 1 0
0,10 000 2 40 0 1 0 1 0 1 1 1 0 1
0,10 000 2 46 2 1 1 0 0 0 0 1 0 0
0,10 000 2 2¯0 2 1 1 0 0 0 0 1 0 0
0,10 000 2 2¯6 0 1 0 1 0 1 1 1 0 1
1, 0 001 0 51 2 0 1 1 0 1 1 0 1 0
1, 0 001 0 55¯ 0 0 0 0 0 0 0 0 1 1
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TABLE VII – continued
SI Invariants
1, 0 001 0 1¯1 0 0 0 0 0 0 0 0 1 1
1, 0 001 0 1¯5¯ 2 0 1 1 0 1 1 0 1 0
1, 0 001 2 51 0 1 0 1 1 0 1 0 0 1
1, 0 001 2 55¯ 2 1 1 0 1 1 0 0 0 0
1, 0 001 2 1¯1 2 1 1 0 1 1 0 0 0 0
1, 0 001 2 1¯5¯ 0 1 0 1 1 0 1 0 0 1
1, 2 001 0 11 0 0 0 0 1 1 0 1 0 0
1, 2 001 0 15¯ 2 0 1 1 1 0 1 1 0 1
1, 2 001 0 5¯1 2 0 1 1 1 0 1 1 0 1
1, 2 001 0 5¯5¯ 0 0 0 0 1 1 0 1 0 0
1, 2 001 2 11 2 1 1 0 0 0 0 1 1 1
1, 2 001 2 15¯ 0 1 0 1 0 1 1 1 1 0
1, 2 001 2 5¯1 0 1 0 1 0 1 1 1 1 0
1, 2 001 2 5¯5¯ 2 1 1 0 0 0 0 1 1 1
1, 4 001 0 31 0 0 0 0 0 0 0 0 1 1
1, 4 001 0 35¯ 2 0 1 1 0 1 1 0 1 0
1, 4 001 0 3¯1 2 0 1 1 0 1 1 0 1 0
1, 4 001 0 3¯5¯ 0 0 0 0 0 0 0 0 1 1
1, 4 001 2 31 2 1 1 0 1 1 0 0 0 0
1, 4 001 2 35¯ 0 1 0 1 1 0 1 0 0 1
1, 4 001 2 3¯1 0 1 0 1 1 0 1 0 0 1
1, 4 001 2 3¯5¯ 2 1 1 0 1 1 0 0 0 0
1, 6 001 0 51 0 0 0 0 1 1 0 1 0 0
1, 6 001 0 55¯ 2 0 1 1 1 0 1 1 0 1
1, 6 001 0 1¯1 2 0 1 1 1 0 1 1 0 1
1, 6 001 0 1¯5¯ 0 0 0 0 1 1 0 1 0 0
1, 6 001 2 51 2 1 1 0 0 0 0 1 1 1
1, 6 001 2 55¯ 0 1 0 1 0 1 1 1 1 0
1, 6 001 2 1¯1 0 1 0 1 0 1 1 1 1 0
1, 6 001 2 1¯5¯ 2 1 1 0 0 0 0 1 1 1
1, 8 001 0 11 2 0 1 1 0 1 1 0 1 0
1, 8 001 0 15¯ 0 0 0 0 0 0 0 0 1 1
1, 8 001 0 5¯1 0 0 0 0 0 0 0 0 1 1
1, 8 001 0 5¯5¯ 2 0 1 1 0 1 1 0 1 0
1, 8 001 2 11 0 1 0 1 1 0 1 0 0 1
1, 8 001 2 15¯ 2 1 1 0 1 1 0 0 0 0
1, 8 001 2 5¯1 2 1 1 0 1 1 0 0 0 0
1, 8 001 2 5¯5¯ 0 1 0 1 1 0 1 0 0 1
1,10 001 0 31 2 0 1 1 1 0 1 1 0 1
1,10 001 0 35¯ 0 0 0 0 1 1 0 1 0 0
1,10 001 0 3¯1 0 0 0 0 1 1 0 1 0 0
1,10 001 0 3¯5¯ 2 0 1 1 1 0 1 1 0 1
1,10 001 2 31 0 1 0 1 0 1 1 1 1 0
1,10 001 2 35¯ 2 1 1 0 0 0 0 1 1 1
1,10 001 2 3¯1 2 1 1 0 0 0 0 1 1 1
1,10 001 2 3¯5¯ 0 1 0 1 0 1 1 1 1 0
2, 0 000 0 42 2 0 1 1 0 1 1 0 0 1
2, 0 000 0 44¯ 0 0 0 0 0 0 0 0 0 0
2, 0 000 0 2¯2 0 0 0 0 0 0 0 0 0 0
2, 0 000 0 2¯4¯ 2 0 1 1 0 1 1 0 0 1
2, 0 000 2 42 0 1 0 1 1 0 1 0 1 0
2, 0 000 2 44¯ 2 1 1 0 1 1 0 0 1 1
2, 0 000 2 2¯2 2 1 1 0 1 1 0 0 1 1
2, 0 000 2 2¯4¯ 0 1 0 1 1 0 1 0 1 0
2, 2 000 0 02 0 0 0 0 1 1 0 1 1 1
2, 2 000 0 04¯ 2 0 1 1 1 0 1 1 1 0
2, 2 000 0 62 2 0 1 1 1 0 1 1 1 0
2, 2 000 0 64¯ 0 0 0 0 1 1 0 1 1 1
2, 2 000 2 02 2 1 1 0 0 0 0 1 0 0
2, 2 000 2 04¯ 0 1 0 1 0 1 1 1 0 1
2, 2 000 2 62 0 1 0 1 0 1 1 1 0 1
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TABLE VII – continued
SI Invariants
2, 2 000 2 64¯ 2 1 1 0 0 0 0 1 0 0
2, 4 000 0 22 0 0 0 0 0 0 0 0 0 0
2, 4 000 0 24¯ 2 0 1 1 0 1 1 0 0 1
2, 4 000 0 4¯2 2 0 1 1 0 1 1 0 0 1
2, 4 000 0 4¯4¯ 0 0 0 0 0 0 0 0 0 0
2, 4 000 2 22 2 1 1 0 1 1 0 0 1 1
2, 4 000 2 24¯ 0 1 0 1 1 0 1 0 1 0
2, 4 000 2 4¯2 0 1 0 1 1 0 1 0 1 0
2, 4 000 2 4¯4¯ 2 1 1 0 1 1 0 0 1 1
2, 6 000 0 42 0 0 0 0 1 1 0 1 1 1
2, 6 000 0 44¯ 2 0 1 1 1 0 1 1 1 0
2, 6 000 0 2¯2 2 0 1 1 1 0 1 1 1 0
2, 6 000 0 2¯4¯ 0 0 0 0 1 1 0 1 1 1
2, 6 000 2 42 2 1 1 0 0 0 0 1 0 0
2, 6 000 2 44¯ 0 1 0 1 0 1 1 1 0 1
2, 6 000 2 2¯2 0 1 0 1 0 1 1 1 0 1
2, 6 000 2 2¯4¯ 2 1 1 0 0 0 0 1 0 0
2, 8 000 0 02 2 0 1 1 0 1 1 0 0 1
2, 8 000 0 04¯ 0 0 0 0 0 0 0 0 0 0
2, 8 000 0 62 0 0 0 0 0 0 0 0 0 0
2, 8 000 0 64¯ 2 0 1 1 0 1 1 0 0 1
2, 8 000 2 02 0 1 0 1 1 0 1 0 1 0
2, 8 000 2 04¯ 2 1 1 0 1 1 0 0 1 1
2, 8 000 2 62 2 1 1 0 1 1 0 0 1 1
2, 8 000 2 64¯ 0 1 0 1 1 0 1 0 1 0
2,10 000 0 22 2 0 1 1 1 0 1 1 1 0
2,10 000 0 24¯ 0 0 0 0 1 1 0 1 1 1
2,10 000 0 4¯2 0 0 0 0 1 1 0 1 1 1
2,10 000 0 4¯4¯ 2 0 1 1 1 0 1 1 1 0
2,10 000 2 22 0 1 0 1 0 1 1 1 0 1
2,10 000 2 24¯ 2 1 1 0 0 0 0 1 0 0
2,10 000 2 4¯2 2 1 1 0 0 0 0 1 0 0
2,10 000 2 4¯4¯ 0 1 0 1 0 1 1 1 0 1
3, 0 001 0 33 2 0 1 1 0 1 1 0 1 0
3, 0 001 0 33¯ 0 0 0 0 0 0 0 0 1 1
3, 0 001 0 3¯3 0 0 0 0 0 0 0 0 1 1
3, 0 001 0 3¯3¯ 2 0 1 1 0 1 1 0 1 0
3, 0 001 2 33 0 1 0 1 1 0 1 0 0 1
3, 0 001 2 33¯ 2 1 1 0 1 1 0 0 0 0
3, 0 001 2 3¯3 2 1 1 0 1 1 0 0 0 0
3, 0 001 2 3¯3¯ 0 1 0 1 1 0 1 0 0 1
3, 2 001 0 53 2 0 1 1 1 0 1 1 0 1
3, 2 001 0 53¯ 0 0 0 0 1 1 0 1 0 0
3, 2 001 0 1¯3 0 0 0 0 1 1 0 1 0 0
3, 2 001 0 1¯3¯ 2 0 1 1 1 0 1 1 0 1
3, 2 001 2 53 0 1 0 1 0 1 1 1 1 0
3, 2 001 2 53¯ 2 1 1 0 0 0 0 1 1 1
3, 2 001 2 1¯3 2 1 1 0 0 0 0 1 1 1
3, 2 001 2 1¯3¯ 0 1 0 1 0 1 1 1 1 0
3, 4 001 0 13 0 0 0 0 0 0 0 0 1 1
3, 4 001 0 13¯ 2 0 1 1 0 1 1 0 1 0
3, 4 001 0 5¯3 2 0 1 1 0 1 1 0 1 0
3, 4 001 0 5¯3¯ 0 0 0 0 0 0 0 0 1 1
3, 4 001 2 13 2 1 1 0 1 1 0 0 0 0
3, 4 001 2 13¯ 0 1 0 1 1 0 1 0 0 1
3, 4 001 2 5¯3 0 1 0 1 1 0 1 0 0 1
3, 4 001 2 5¯3¯ 2 1 1 0 1 1 0 0 0 0
3, 6 001 0 33 0 0 0 0 1 1 0 1 0 0
3, 6 001 0 33¯ 2 0 1 1 1 0 1 1 0 1
3, 6 001 0 3¯3 2 0 1 1 1 0 1 1 0 1
3, 6 001 0 3¯3¯ 0 0 0 0 1 1 0 1 0 0
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TABLE VII – continued
SI Invariants
3, 6 001 2 33 2 1 1 0 0 0 0 1 1 1
3, 6 001 2 33¯ 0 1 0 1 0 1 1 1 1 0
3, 6 001 2 3¯3 0 1 0 1 0 1 1 1 1 0
3, 6 001 2 3¯3¯ 2 1 1 0 0 0 0 1 1 1
3, 8 001 0 53 0 0 0 0 0 0 0 0 1 1
3, 8 001 0 53¯ 2 0 1 1 0 1 1 0 1 0
3, 8 001 0 1¯3 2 0 1 1 0 1 1 0 1 0
3, 8 001 0 1¯3¯ 0 0 0 0 0 0 0 0 1 1
3, 8 001 2 53 2 1 1 0 1 1 0 0 0 0
3, 8 001 2 53¯ 0 1 0 1 1 0 1 0 0 1
3, 8 001 2 1¯3 0 1 0 1 1 0 1 0 0 1
3, 8 001 2 1¯3¯ 2 1 1 0 1 1 0 0 0 0
3,10 001 0 13 2 0 1 1 1 0 1 1 0 1
3,10 001 0 13¯ 0 0 0 0 1 1 0 1 0 0
3,10 001 0 5¯3 0 0 0 0 1 1 0 1 0 0
3,10 001 0 5¯3¯ 2 0 1 1 1 0 1 1 0 1
3,10 001 2 13 0 1 0 1 0 1 1 1 1 0
3,10 001 2 13¯ 2 1 1 0 0 0 0 1 1 1
3,10 001 2 5¯3 2 1 1 0 0 0 0 1 1 1
3,10 001 2 5¯3¯ 0 1 0 1 0 1 1 1 1 0
4, 0 000 0 24 2 0 1 1 0 1 1 0 0 1
4, 0 000 0 22¯ 0 0 0 0 0 0 0 0 0 0
4, 0 000 0 4¯4 0 0 0 0 0 0 0 0 0 0
4, 0 000 0 4¯2¯ 2 0 1 1 0 1 1 0 0 1
4, 0 000 2 24 0 1 0 1 1 0 1 0 1 0
4, 0 000 2 22¯ 2 1 1 0 1 1 0 0 1 1
4, 0 000 2 4¯4 2 1 1 0 1 1 0 0 1 1
4, 0 000 2 4¯2¯ 0 1 0 1 1 0 1 0 1 0
4, 2 000 0 44 2 0 1 1 1 0 1 1 1 0
4, 2 000 0 42¯ 0 0 0 0 1 1 0 1 1 1
4, 2 000 0 2¯4 0 0 0 0 1 1 0 1 1 1
4, 2 000 0 2¯2¯ 2 0 1 1 1 0 1 1 1 0
4, 2 000 2 44 0 1 0 1 0 1 1 1 0 1
4, 2 000 2 42¯ 2 1 1 0 0 0 0 1 0 0
4, 2 000 2 2¯4 2 1 1 0 0 0 0 1 0 0
4, 2 000 2 2¯2¯ 0 1 0 1 0 1 1 1 0 1
4, 4 000 0 04 0 0 0 0 0 0 0 0 0 0
4, 4 000 0 02¯ 2 0 1 1 0 1 1 0 0 1
4, 4 000 0 64 2 0 1 1 0 1 1 0 0 1
4, 4 000 0 62¯ 0 0 0 0 0 0 0 0 0 0
4, 4 000 2 04 2 1 1 0 1 1 0 0 1 1
4, 4 000 2 02¯ 0 1 0 1 1 0 1 0 1 0
4, 4 000 2 64 0 1 0 1 1 0 1 0 1 0
4, 4 000 2 62¯ 2 1 1 0 1 1 0 0 1 1
4, 6 000 0 24 0 0 0 0 1 1 0 1 1 1
4, 6 000 0 22¯ 2 0 1 1 1 0 1 1 1 0
4, 6 000 0 4¯4 2 0 1 1 1 0 1 1 1 0
4, 6 000 0 4¯2¯ 0 0 0 0 1 1 0 1 1 1
4, 6 000 2 24 2 1 1 0 0 0 0 1 0 0
4, 6 000 2 22¯ 0 1 0 1 0 1 1 1 0 1
4, 6 000 2 4¯4 0 1 0 1 0 1 1 1 0 1
4, 6 000 2 4¯2¯ 2 1 1 0 0 0 0 1 0 0
4, 8 000 0 44 0 0 0 0 0 0 0 0 0 0
4, 8 000 0 42¯ 2 0 1 1 0 1 1 0 0 1
4, 8 000 0 2¯4 2 0 1 1 0 1 1 0 0 1
4, 8 000 0 2¯2¯ 0 0 0 0 0 0 0 0 0 0
4, 8 000 2 44 2 1 1 0 1 1 0 0 1 1
4, 8 000 2 42¯ 0 1 0 1 1 0 1 0 1 0
4, 8 000 2 2¯4 0 1 0 1 1 0 1 0 1 0
4, 8 000 2 2¯2¯ 2 1 1 0 1 1 0 0 1 1
4,10 000 0 04 2 0 1 1 1 0 1 1 1 0
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SI Invariants
4,10 000 0 02¯ 0 0 0 0 1 1 0 1 1 1
4,10 000 0 64 0 0 0 0 1 1 0 1 1 1
4,10 000 0 62¯ 2 0 1 1 1 0 1 1 1 0
4,10 000 2 04 0 1 0 1 0 1 1 1 0 1
4,10 000 2 02¯ 2 1 1 0 0 0 0 1 0 0
4,10 000 2 64 2 1 1 0 0 0 0 1 0 0
4,10 000 2 62¯ 0 1 0 1 0 1 1 1 0 1
5, 0 001 0 15 2 0 1 1 0 1 1 0 1 0
5, 0 001 0 11¯ 0 0 0 0 0 0 0 0 1 1
5, 0 001 0 5¯5 0 0 0 0 0 0 0 0 1 1
5, 0 001 0 5¯1¯ 2 0 1 1 0 1 1 0 1 0
5, 0 001 2 15 0 1 0 1 1 0 1 0 0 1
5, 0 001 2 11¯ 2 1 1 0 1 1 0 0 0 0
5, 0 001 2 5¯5 2 1 1 0 1 1 0 0 0 0
5, 0 001 2 5¯1¯ 0 1 0 1 1 0 1 0 0 1
5, 2 001 0 35 2 0 1 1 1 0 1 1 0 1
5, 2 001 0 31¯ 0 0 0 0 1 1 0 1 0 0
5, 2 001 0 3¯5 0 0 0 0 1 1 0 1 0 0
5, 2 001 0 3¯1¯ 2 0 1 1 1 0 1 1 0 1
5, 2 001 2 35 0 1 0 1 0 1 1 1 1 0
5, 2 001 2 31¯ 2 1 1 0 0 0 0 1 1 1
5, 2 001 2 3¯5 2 1 1 0 0 0 0 1 1 1
5, 2 001 2 3¯1¯ 0 1 0 1 0 1 1 1 1 0
5, 4 001 0 55 2 0 1 1 0 1 1 0 1 0
5, 4 001 0 51¯ 0 0 0 0 0 0 0 0 1 1
5, 4 001 0 1¯5 0 0 0 0 0 0 0 0 1 1
5, 4 001 0 1¯1¯ 2 0 1 1 0 1 1 0 1 0
5, 4 001 2 55 0 1 0 1 1 0 1 0 0 1
5, 4 001 2 51¯ 2 1 1 0 1 1 0 0 0 0
5, 4 001 2 1¯5 2 1 1 0 1 1 0 0 0 0
5, 4 001 2 1¯1¯ 0 1 0 1 1 0 1 0 0 1
5, 6 001 0 15 0 0 0 0 1 1 0 1 0 0
5, 6 001 0 11¯ 2 0 1 1 1 0 1 1 0 1
5, 6 001 0 5¯5 2 0 1 1 1 0 1 1 0 1
5, 6 001 0 5¯1¯ 0 0 0 0 1 1 0 1 0 0
5, 6 001 2 15 2 1 1 0 0 0 0 1 1 1
5, 6 001 2 11¯ 0 1 0 1 0 1 1 1 1 0
5, 6 001 2 5¯5 0 1 0 1 0 1 1 1 1 0
5, 6 001 2 5¯1¯ 2 1 1 0 0 0 0 1 1 1
5, 8 001 0 35 0 0 0 0 0 0 0 0 1 1
5, 8 001 0 31¯ 2 0 1 1 0 1 1 0 1 0
5, 8 001 0 3¯5 2 0 1 1 0 1 1 0 1 0
5, 8 001 0 3¯1¯ 0 0 0 0 0 0 0 0 1 1
5, 8 001 2 35 2 1 1 0 1 1 0 0 0 0
5, 8 001 2 31¯ 0 1 0 1 1 0 1 0 0 1
5, 8 001 2 3¯5 0 1 0 1 1 0 1 0 0 1
5, 8 001 2 3¯1¯ 2 1 1 0 1 1 0 0 0 0
5,10 001 0 55 0 0 0 0 1 1 0 1 0 0
5,10 001 0 51¯ 2 0 1 1 1 0 1 1 0 1
5,10 001 0 1¯5 2 0 1 1 1 0 1 1 0 1
5,10 001 0 1¯1¯ 0 0 0 0 1 1 0 1 0 0
5,10 001 2 55 2 1 1 0 0 0 0 1 1 1
5,10 001 2 51¯ 0 1 0 1 0 1 1 1 1 0
5,10 001 2 1¯5 0 1 0 1 0 1 1 1 1 0
5,10 001 2 1¯1¯ 2 1 1 0 0 0 0 1 1 1
Space group #192 : P6/mcc
Z12 weak m001(6) g1¯2000 1
2
g1¯20
1 1
2
1
2
g010
00 1
2
g0101
2
0 1
2
2001 2010 211¯0 6001 i 20101 2
11¯0
1
0 000 00 0 0 0 0 0 0 0 0 0 0 0
0 000 00 1 1 1 1 0 1 1 0 0 1 1
0 000 60 0 0 1 1 1 0 1 1 0 0 1
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SI Invariants
0 000 60 1 1 0 0 1 1 0 1 0 1 0
2 000 20 0 0 0 0 0 1 1 0 1 1 1
2 000 20 1 1 1 1 0 0 0 0 1 0 0
2 000 4¯0 0 0 1 1 1 1 0 1 1 1 0
2 000 4¯0 1 1 0 0 1 0 1 1 1 0 1
4 000 40 0 0 0 0 0 0 0 0 0 0 0
4 000 40 1 1 1 1 0 1 1 0 0 1 1
4 000 2¯0 0 0 1 1 1 0 1 1 0 0 1
4 000 2¯0 1 1 0 0 1 1 0 1 0 1 0
6 000 00 0 0 1 1 1 1 0 1 1 1 0
6 000 00 1 1 0 0 1 0 1 1 1 0 1
6 000 60 0 0 0 0 0 1 1 0 1 1 1
6 000 60 1 1 1 1 0 0 0 0 1 0 0
8 000 20 0 0 1 1 1 0 1 1 0 0 1
8 000 20 1 1 0 0 1 1 0 1 0 1 0
8 000 4¯0 0 0 0 0 0 0 0 0 0 0 0
8 000 4¯0 1 1 1 1 0 1 1 0 0 1 1
10 000 40 0 0 1 1 1 1 0 1 1 1 0
10 000 40 1 1 0 0 1 0 1 1 1 0 1
10 000 2¯0 0 0 0 0 0 1 1 0 1 1 1
10 000 2¯0 1 1 1 1 0 0 0 0 1 0 0
Space group #193 : P63/mcm
Z12 weak m001(6) m010(2) g1¯2000 1
2
g1¯20
1 1
2
1
2
g0101
2
00
2010 211¯0 i 20011 2
010
1 2
11¯0
1 6
001
3
0 000 00 0 0 0 0 0 0 0 0 0 0 0
0 000 00 2 1 1 1 1 1 0 0 1 1 0
0 000 60 0 1 1 0 1 0 0 1 1 0 1
0 000 60 2 0 0 1 0 1 0 1 0 1 1
2 000 20 0 0 0 0 1 1 1 0 1 1 0
2 000 20 2 1 1 1 0 0 1 0 0 0 0
2 000 4¯0 0 1 1 0 0 1 1 1 0 1 1
2 000 4¯0 2 0 0 1 1 0 1 1 1 0 1
4 000 40 0 0 0 0 0 0 0 0 0 0 0
4 000 40 2 1 1 1 1 1 0 0 1 1 0
4 000 2¯0 0 1 1 0 1 0 0 1 1 0 1
4 000 2¯0 2 0 0 1 0 1 0 1 0 1 1
6 000 00 0 1 1 0 0 1 1 1 0 1 1
6 000 00 2 0 0 1 1 0 1 1 1 0 1
6 000 60 0 0 0 0 1 1 1 0 1 1 0
6 000 60 2 1 1 1 0 0 1 0 0 0 0
8 000 20 0 1 1 0 1 0 0 1 1 0 1
8 000 20 2 0 0 1 0 1 0 1 0 1 1
8 000 4¯0 0 0 0 0 0 0 0 0 0 0 0
8 000 4¯0 2 1 1 1 1 1 0 0 1 1 0
10 000 40 0 1 1 0 0 1 1 1 0 1 1
10 000 40 2 0 0 1 1 0 1 1 1 0 1
10 000 2¯0 0 0 0 0 1 1 1 0 1 1 0
10 000 2¯0 2 1 1 1 0 0 1 0 0 0 0
Space group #194 : P63/mmc
Z12 weak m1¯20(2) m001(6) g1¯201 1
2
0
g010
00 1
2
g0101
2
0 1
2
2010 211¯0 i 20011 2
010
1 2
11¯0
1 6
001
3
0 000 0 00 0 0 0 0 0 0 0 0 0 0
0 000 0 60 0 1 1 0 1 0 1 0 1 1
0 000 2 00 1 1 1 1 1 0 0 1 1 0
0 000 2 60 1 0 0 1 0 0 1 1 0 1
2 000 0 20 0 0 0 1 1 1 0 1 1 0
2 000 0 4¯0 0 1 1 1 0 1 1 1 0 1
2 000 2 20 1 1 1 0 0 1 0 0 0 0
2 000 2 4¯0 1 0 0 0 1 1 1 0 1 1
4 000 0 40 0 0 0 0 0 0 0 0 0 0
4 000 0 2¯0 0 1 1 0 1 0 1 0 1 1
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SI Invariants
4 000 2 40 1 1 1 1 1 0 0 1 1 0
4 000 2 2¯0 1 0 0 1 0 0 1 1 0 1
6 000 0 00 0 1 1 1 0 1 1 1 0 1
6 000 0 60 0 0 0 1 1 1 0 1 1 0
6 000 2 00 1 0 0 0 1 1 1 0 1 1
6 000 2 60 1 1 1 0 0 1 0 0 0 0
8 000 0 20 0 1 1 0 1 0 1 0 1 1
8 000 0 4¯0 0 0 0 0 0 0 0 0 0 0
8 000 2 20 1 0 0 1 0 0 1 1 0 1
8 000 2 4¯0 1 1 1 1 1 0 0 1 1 0
10 000 0 40 0 1 1 1 0 1 1 1 0 1
10 000 0 2¯0 0 0 0 1 1 1 0 1 1 0
10 000 2 40 1 0 0 0 1 1 1 0 1 1
10 000 2 2¯0 1 1 1 0 0 1 0 0 0 0
Space group #200 : Pm3¯
Z2,2,2,4 weak m001(2) 2001 i
0000 000 00 0 0
0000 000 22 0 0
0002 000 02 0 1
0002 000 20 0 1
1110 111 11¯ 0 0
1110 111 1¯1 0 0
1112 111 11 0 1
1112 111 1¯1¯ 0 1
Space group #201 : Pn3¯
Z2,2,2,4 weak g0011
2
1
2
0
2001 i
0000 000 0 0 0
0002 000 1 0 1
Space group #202 : Fm3¯
Z2,2,2,4 weak m001(2) g0011
2
00
2001 i 20011
0000 000 0 0 0 0 0
0002 000 2 1 0 1 0
Space group #203 : Fd3¯
Z2,2,2,4 weak g0011
4
1
4
0
g0011
4
1¯
4
0
2001 i 20011
0000 000 0 0 0 0 0
0002 000 1 1 0 1 0
Space group #204 : Im3¯
Z2,2,2,4 weak m001(2) g0011
2
1
2
0
2001 i 20011
0000 000 0 0 0 0 0
0002 000 2 1 0 1 0
1110 111 0 1 0 0 1
1112 111 2 0 0 1 1
Space group #205 : Pa3¯
Z2,2,2,4 weak g0011
2
00
i 20011
0000 000 0 0 0
0002 000 1 1 0
Space group #206 : Ia3¯
Z2,2,2,4 weak g0010 1
2
0
g0011
2
00
2001 i 20011
0000 000 0 0 0 0 0
0002 000 1 1 0 1 0
1110 111 1 0 1 0 0
1112 111 0 1 1 1 0
Space group #221 : Pm3¯m
Z4,8 weak m001(4) m101(2) g1011¯
2
0 1
2
2001 2011 4001 i 20111 4¯
001
00 000 00 0 0 0 0 0 0 0 0
00 000 04 2 1 0 1 1 0 1 1
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SI Invariants
00 000 40 2 1 0 1 1 0 1 1
00 000 44 0 0 0 0 0 0 0 0
02 000 20 2 1 0 0 0 1 0 1
02 000 24 0 0 0 1 1 1 1 0
02 000 2¯0 0 0 0 1 1 1 1 0
02 000 2¯4 2 1 0 0 0 1 0 1
04 000 00 2 1 0 1 1 0 1 1
04 000 04 0 0 0 0 0 0 0 0
04 000 40 0 0 0 0 0 0 0 0
04 000 44 2 1 0 1 1 0 1 1
06 000 20 0 0 0 1 1 1 1 0
06 000 24 2 1 0 0 0 1 0 1
06 000 2¯0 2 1 0 0 0 1 0 1
06 000 2¯4 0 0 0 1 1 1 1 0
10 111 31 2 0 0 1 1 0 0 1
10 111 33¯ 0 1 0 0 0 0 1 0
10 111 1¯1 0 1 0 0 0 0 1 0
10 111 1¯3¯ 2 0 0 1 1 0 0 1
12 111 11 2 0 0 0 0 1 1 1
12 111 13¯ 0 1 0 1 1 1 0 0
12 111 3¯1 0 1 0 1 1 1 0 0
12 111 3¯3¯ 2 0 0 0 0 1 1 1
14 111 31 0 1 0 0 0 0 1 0
14 111 33¯ 2 0 0 1 1 0 0 1
14 111 1¯1 2 0 0 1 1 0 0 1
14 111 1¯3¯ 0 1 0 0 0 0 1 0
16 111 11 0 1 0 1 1 1 0 0
16 111 13¯ 2 0 0 0 0 1 1 1
16 111 3¯1 2 0 0 0 0 1 1 1
16 111 3¯3¯ 0 1 0 1 1 1 0 0
20 000 22 2 1 0 1 1 0 1 1
20 000 22¯ 0 0 0 0 0 0 0 0
20 000 2¯2 0 0 0 0 0 0 0 0
20 000 2¯2¯ 2 1 0 1 1 0 1 1
22 000 02 2 1 0 0 0 1 0 1
22 000 02¯ 0 0 0 1 1 1 1 0
22 000 42 0 0 0 1 1 1 1 0
22 000 42¯ 2 1 0 0 0 1 0 1
24 000 22 0 0 0 0 0 0 0 0
24 000 22¯ 2 1 0 1 1 0 1 1
24 000 2¯2 2 1 0 1 1 0 1 1
24 000 2¯2¯ 0 0 0 0 0 0 0 0
26 000 02 0 0 0 1 1 1 1 0
26 000 02¯ 2 1 0 0 0 1 0 1
26 000 42 2 1 0 0 0 1 0 1
26 000 42¯ 0 0 0 1 1 1 1 0
30 111 13 2 0 0 1 1 0 0 1
30 111 11¯ 0 1 0 0 0 0 1 0
30 111 3¯3 0 1 0 0 0 0 1 0
30 111 3¯1¯ 2 0 0 1 1 0 0 1
32 111 33 0 1 0 1 1 1 0 0
32 111 31¯ 2 0 0 0 0 1 1 1
32 111 1¯3 2 0 0 0 0 1 1 1
32 111 1¯1¯ 0 1 0 1 1 1 0 0
34 111 13 0 1 0 0 0 0 1 0
34 111 11¯ 2 0 0 1 1 0 0 1
34 111 3¯3 2 0 0 1 1 0 0 1
34 111 3¯1¯ 0 1 0 0 0 0 1 0
36 111 33 2 0 0 0 0 1 1 1
36 111 31¯ 0 1 0 1 1 1 0 0
36 111 1¯3 0 1 0 1 1 1 0 0
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TABLE VII – continued
SI Invariants
36 111 1¯1¯ 2 0 0 0 0 1 1 1
Space group #222 : Pn3¯n
Z2,2,2,4 weak g0011
2
1
2
0
g101
0 1
2
0
g1011¯
2
1
2
1
2
2001 2011 4001 i 20111 4¯
001
0000 000 0 0 0 0 0 0 0 0 0
0000 000 0 1 1 0 1 1 0 1 1
0002 000 1 0 0 0 1 1 1 1 0
0002 000 1 1 1 0 0 0 1 0 1
Space group #223 : Pm3¯n
Z2,2,2,4 weak m001(4) g1010 1
2
0
g1011¯
2
1
2
1
2
2001 2011 i 20111 4
001
2 4¯
001
0000 000 00 0 0 0 0 0 0 0 0
0000 000 00 1 1 0 1 0 1 1 1
0000 000 40 0 0 0 0 0 0 0 0
0000 000 40 1 1 0 1 0 1 1 1
0002 000 20 0 0 0 1 1 1 1 0
0002 000 20 1 1 0 0 1 0 0 1
0002 000 2¯0 0 0 0 1 1 1 1 0
0002 000 2¯0 1 1 0 0 1 0 0 1
Space group #224 : Pn3¯m
Z2,2,2,4 weak m101(2) g0011
2
1
2
0
g1011¯
2
0 1
2
2001 2011 i 20111 4
001
2 4¯
001
0000 000 0 0 0 0 0 0 0 0 0
0000 000 2 0 1 0 1 0 1 1 1
0002 000 0 1 0 0 1 1 1 1 0
0002 000 2 1 1 0 0 1 0 0 1
Space group #225 : Fm3¯m
Z8 weak m001(4) m101(2) g0011
2
00
g1011
4
1
2
1¯
4
2001 2011 4001 i 20011 2
011
1 4
001
2 4¯
001
0 000 0 0 0 0 0 0 0 0 0 0 0 0
0 000 4 2 0 1 0 1 1 0 0 1 1 1
2 000 2 2 1 1 0 0 0 1 0 0 0 1
2 000 2¯ 0 1 0 0 1 1 1 0 1 1 0
4 000 0 2 0 1 0 1 1 0 0 1 1 1
4 000 4 0 0 0 0 0 0 0 0 0 0 0
6 000 2 0 1 0 0 1 1 1 0 1 1 0
6 000 2¯ 2 1 1 0 0 0 1 0 0 0 1
Space group #226 : Fm3¯c
Z8 weak m001(4) g0011
2
00
g101
0 1
2
0
g1011
4
0 1¯
4
2001 2011 4001 i 20011 2
011
1 4
001
2 4¯
001
0 000 0 0 0 0 0 0 0 0 0 0 0 0
0 000 4 0 1 1 0 1 1 0 0 1 1 1
2 000 2 1 1 1 0 0 0 1 0 0 0 1
2 000 2¯ 1 0 0 0 1 1 1 0 1 1 0
4 000 0 0 1 1 0 1 1 0 0 1 1 1
4 000 4 0 0 0 0 0 0 0 0 0 0 0
6 000 2 1 0 0 0 1 1 1 0 1 1 0
6 000 2¯ 1 1 1 0 0 0 1 0 0 0 1
Space group #227 : Fd3¯m
Z2,2,2,4 weak m101(2) g0011
4
1
4
0
g0011
4
1¯
4
0
g1011
4
1
2
1¯
4
2001 2011 i 20011 2
011
1 4
001
1 4
001
3 4¯
001
0000 000 0 0 0 0 0 0 0 0 0 0 0 0
0000 000 2 0 0 1 0 1 0 0 1 1 1 1
0002 000 0 1 1 0 0 1 1 0 1 1 1 0
0002 000 2 1 1 1 0 0 1 0 0 0 0 1
Space group #228 : Fd3¯c
Z2,2,2,4 weak g0011
4
1
4
0
g0011
4
1¯
4
0
g101
0 1
2
0
g1011
4
0 1¯
4
2001 2011 i 20011 2
011
1 4
001
1 4
001
3 4¯
001
0000 000 0 0 0 0 0 0 0 0 0 0 0 0
0000 000 0 0 1 1 0 1 0 0 1 1 1 1
0002 000 1 1 0 0 0 1 1 0 1 1 1 0
0002 000 1 1 1 1 0 0 1 0 0 0 0 1
Space group #229 : Im3¯m
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TABLE VII – continued
SI Invariants
Z2,8 weak m001(4) m101(2) g0011
2
1
2
0
g101
0 1
2
0
2001 2011 4001 i 20011 2
011
1 4
001
2 4¯
001
00 000 0 0 0 0 0 0 0 0 0 0 0 0
00 000 4 2 0 1 0 1 1 0 0 1 1 1
02 000 2 2 1 1 0 0 0 1 0 0 0 1
02 000 2¯ 0 1 0 0 1 1 1 0 1 1 0
04 000 0 2 0 1 0 1 1 0 0 1 1 1
04 000 4 0 0 0 0 0 0 0 0 0 0 0
06 000 2 0 1 0 0 1 1 1 0 1 1 0
06 000 2¯ 2 1 1 0 0 0 1 0 0 0 1
10 111 0 0 1 1 0 0 0 0 1 1 1 0
10 111 4 2 1 0 0 1 1 0 1 0 0 1
12 111 2 2 0 0 0 0 0 1 1 1 1 1
12 111 2¯ 0 0 1 0 1 1 1 1 0 0 0
14 111 0 2 1 0 0 1 1 0 1 0 0 1
14 111 4 0 1 1 0 0 0 0 1 1 1 0
16 111 2 0 0 1 0 1 1 1 1 0 0 0
16 111 2¯ 2 0 0 0 0 0 1 1 1 1 1
Space group #230 : Ia3¯d
Z2,2,2,4 weak g0010 1
2
0
g0011
2
00
g1011¯
4
1
4
1
4
g1011
4
1
4
1¯
4
2001 2011 i 20011 2
011
1 4
001
1 4
001
3 4¯
001
0000 000 0 0 0 0 0 0 0 0 0 0 0 0
0000 000 0 0 1 1 0 1 0 0 1 1 1 1
0002 000 1 1 0 0 0 1 1 0 1 1 1 0
0002 000 1 1 1 1 0 0 1 0 0 0 0 1
TABLE VIII: TCI invariant combinations in all SGs with
trivial SI groups.
Invariants
Space group #1 : P1
weak
000
001
010
011
100
101
110
111
Space group #3 : P2
weak 2010
000 0
000 1
001 0
001 1
010 0
010 1
011 0
011 1
100 0
100 1
101 0
101 1
110 0
110 1
111 0
111 1
Space group #4 : P21
weak 20101
Continued on next column
TABLE VIII – continued
Invariants
000 0
000 1
001 0
001 1
100 0
100 1
101 0
101 1
Space group #5 : C2
weak 2010 20101
000 0 0
000 1 1
001 0 0
001 1 1
110 0 1
110 1 0
111 0 1
111 1 0
Space group #6 : Pm
weak m010(2)
000 00
000 02
000 20
000 22
001 00
001 02
001 20
001 22
010 11
010 11¯
010 1¯1
010 1¯1¯
Continued on next column
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TABLE VIII – continued
Invariants
011 11
011 11¯
011 1¯1
011 1¯1¯
100 00
100 02
100 20
100 22
101 00
101 02
101 20
101 22
110 11
110 11¯
110 1¯1
110 1¯1¯
111 11
111 11¯
111 1¯1
111 1¯1¯
Space group #7 : Pc
weak g010
00 1
2
000 0
000 1
010 0
010 1
100 0
100 1
110 0
110 1
Space group #8 : Cm
weak m010(2) g
010
1¯
2
00
000 0 0
000 2 1
001 0 0
001 2 1
110 0 1
110 2 0
111 0 1
111 2 0
Space group #9 : Cc
weak g010
00 1
2
g0101¯
2
0 1
2
000 0 0
000 1 1
110 0 1
110 1 0
Space group #16 : P222
weak 2001 2010 2100
000 0 0 0
000 0 1 1
000 1 0 1
000 1 1 0
001 0 0 0
001 0 1 1
001 1 0 1
001 1 1 0
010 0 0 0
010 0 1 1
Continued on next column
TABLE VIII – continued
Invariants
010 1 0 1
010 1 1 0
011 0 0 0
011 0 1 1
011 1 0 1
011 1 1 0
100 0 0 0
100 0 1 1
100 1 0 1
100 1 1 0
101 0 0 0
101 0 1 1
101 1 0 1
101 1 1 0
110 0 0 0
110 0 1 1
110 1 0 1
110 1 1 0
111 0 0 0
111 0 1 1
111 1 0 1
111 1 1 0
Space group #17 : P2221
weak 2010 2100 20011
000 0 0 0
000 0 1 1
000 1 0 1
000 1 1 0
010 0 0 0
010 0 1 1
010 1 0 1
010 1 1 0
100 0 0 0
100 0 1 1
100 1 0 1
100 1 1 0
110 0 0 0
110 0 1 1
110 1 0 1
110 1 1 0
Space group #18 : P21212
weak 2001 20101 2
100
1
000 0 0 0
000 0 1 1
000 1 0 1
000 1 1 0
001 0 0 0
001 0 1 1
001 1 0 1
001 1 1 0
Space group #19 : P212121
weak 20011 2
010
1 2
100
1
000 0 0 0
000 0 1 1
000 1 0 1
000 1 1 0
Space group #20 : C2221
weak 2010 2100 20011 2
010
1 2
100
1
000 0 0 0 0 0
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TABLE VIII – continued
Invariants
000 0 1 1 0 1
000 1 0 1 1 0
000 1 1 0 1 1
110 0 0 0 1 1
110 0 1 1 1 0
110 1 0 1 0 1
110 1 1 0 0 0
Space group #21 : C222
weak 2001 2010 2100 20101 2
100
1
000 0 0 0 0 0
000 0 1 1 1 1
000 1 0 1 0 1
000 1 1 0 1 0
001 0 0 0 0 0
001 0 1 1 1 1
001 1 0 1 0 1
001 1 1 0 1 0
110 0 0 0 1 1
110 0 1 1 0 0
110 1 0 1 1 0
110 1 1 0 0 1
111 0 0 0 1 1
111 0 1 1 0 0
111 1 0 1 1 0
111 1 1 0 0 1
Space group #22 : F222
weak 2001 2010 2100 20011 2
010
1 2
100
1
000 0 0 0 0 0 0
000 0 1 1 0 1 1
000 1 0 1 1 0 1
000 1 1 0 1 1 0
011 0 0 0 0 0 1
011 0 1 1 0 1 0
011 1 0 1 1 0 0
011 1 1 0 1 1 1
101 0 0 0 1 1 0
101 0 1 1 1 0 1
101 1 0 1 0 1 1
101 1 1 0 0 0 0
110 0 0 0 1 1 1
110 0 1 1 1 0 0
110 1 0 1 0 1 0
110 1 1 0 0 0 1
Space group #23 : I222
weak 2001 2010 2100 20011 2
010
1 2
100
1
000 0 0 0 0 0 0
000 0 1 1 0 1 1
000 1 0 1 1 0 1
000 1 1 0 1 1 0
111 0 0 0 1 1 1
111 0 1 1 1 0 0
111 1 0 1 0 1 0
111 1 1 0 0 0 1
Space group #24 : I212121
weak 2001 2010 2100 20011 2
010
1 2
100
1
000 0 0 0 0 0 0
000 0 1 1 0 1 1
000 1 0 1 1 0 1
000 1 1 0 1 1 0
Continued on next column
TABLE VIII – continued
Invariants
111 0 0 1 1 1 0
111 0 1 0 1 0 1
111 1 0 0 0 1 1
111 1 1 1 0 0 0
Space group #25 : Pmm2
weak m010(2) m
100
(2) 2
001
000 00 00 0
000 00 02 1
000 00 20 1
000 00 22 0
000 02 00 1
000 02 02 0
000 02 20 0
000 02 22 1
000 20 00 1
000 20 02 0
000 20 20 0
000 20 22 1
000 22 00 0
000 22 02 1
000 22 20 1
000 22 22 0
001 00 00 0
001 00 02 1
001 00 20 1
001 00 22 0
001 02 00 1
001 02 02 0
001 02 20 0
001 02 22 1
001 20 00 1
001 20 02 0
001 20 20 0
001 20 22 1
001 22 00 0
001 22 02 1
001 22 20 1
001 22 22 0
010 11 00 1
010 11 02 0
010 11 20 0
010 11 22 1
010 11¯ 00 0
010 11¯ 02 1
010 11¯ 20 1
010 11¯ 22 0
010 1¯1 00 0
010 1¯1 02 1
010 1¯1 20 1
010 1¯1 22 0
010 1¯1¯ 00 1
010 1¯1¯ 02 0
010 1¯1¯ 20 0
010 1¯1¯ 22 1
011 11 00 1
011 11 02 0
011 11 20 0
011 11 22 1
011 11¯ 00 0
011 11¯ 02 1
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TABLE VIII – continued
Invariants
011 11¯ 20 1
011 11¯ 22 0
011 1¯1 00 0
011 1¯1 02 1
011 1¯1 20 1
011 1¯1 22 0
011 1¯1¯ 00 1
011 1¯1¯ 02 0
011 1¯1¯ 20 0
011 1¯1¯ 22 1
100 00 11 1
100 00 11¯ 0
100 00 1¯1 0
100 00 1¯1¯ 1
100 02 11 0
100 02 11¯ 1
100 02 1¯1 1
100 02 1¯1¯ 0
100 20 11 0
100 20 11¯ 1
100 20 1¯1 1
100 20 1¯1¯ 0
100 22 11 1
100 22 11¯ 0
100 22 1¯1 0
100 22 1¯1¯ 1
101 00 11 1
101 00 11¯ 0
101 00 1¯1 0
101 00 1¯1¯ 1
101 02 11 0
101 02 11¯ 1
101 02 1¯1 1
101 02 1¯1¯ 0
101 20 11 0
101 20 11¯ 1
101 20 1¯1 1
101 20 1¯1¯ 0
101 22 11 1
101 22 11¯ 0
101 22 1¯1 0
101 22 1¯1¯ 1
110 11 11 0
110 11 11¯ 1
110 11 1¯1 1
110 11 1¯1¯ 0
110 11¯ 11 1
110 11¯ 11¯ 0
110 11¯ 1¯1 0
110 11¯ 1¯1¯ 1
110 1¯1 11 1
110 1¯1 11¯ 0
110 1¯1 1¯1 0
110 1¯1 1¯1¯ 1
110 1¯1¯ 11 0
110 1¯1¯ 11¯ 1
110 1¯1¯ 1¯1 1
110 1¯1¯ 1¯1¯ 0
111 11 11 0
111 11 11¯ 1
111 11 1¯1 1
Continued on next column
TABLE VIII – continued
Invariants
111 11 1¯1¯ 0
111 11¯ 11 1
111 11¯ 11¯ 0
111 11¯ 1¯1 0
111 11¯ 1¯1¯ 1
111 1¯1 11 1
111 1¯1 11¯ 0
111 1¯1 1¯1 0
111 1¯1 1¯1¯ 1
111 1¯1¯ 11 0
111 1¯1¯ 11¯ 1
111 1¯1¯ 1¯1 1
111 1¯1¯ 1¯1¯ 0
Space group #26 : Pmc21
weak m100(2) g
010
00 1
2
20011
000 00 0 0
000 00 1 1
000 02 0 1
000 02 1 0
000 20 0 1
000 20 1 0
000 22 0 0
000 22 1 1
010 00 0 0
010 00 1 1
010 02 0 1
010 02 1 0
010 20 0 1
010 20 1 0
010 22 0 0
010 22 1 1
100 11 0 1
100 11 1 0
100 11¯ 0 0
100 11¯ 1 1
100 1¯1 0 0
100 1¯1 1 1
100 1¯1¯ 0 1
100 1¯1¯ 1 0
110 11 0 1
110 11 1 0
110 11¯ 0 0
110 11¯ 1 1
110 1¯1 0 0
110 1¯1 1 1
110 1¯1¯ 0 1
110 1¯1¯ 1 0
Space group #27 : Pcc2
weak g010
00 1
2
g100
00 1
2
2001
000 0 0 0
000 0 1 1
000 1 0 1
000 1 1 0
010 0 0 0
010 0 1 1
010 1 0 1
010 1 1 0
100 0 0 0
100 0 1 1
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TABLE VIII – continued
Invariants
100 1 0 1
100 1 1 0
110 0 0 0
110 0 1 1
110 1 0 1
110 1 1 0
Space group #28 : Pma2
weak m100(2) g
010
1
2
00
2001
000 00 0 0
000 00 1 1
000 20 0 1
000 20 1 0
001 00 0 0
001 00 1 1
001 20 0 1
001 20 1 0
010 00 0 0
010 00 1 1
010 20 0 1
010 20 1 0
011 00 0 0
011 00 1 1
011 20 0 1
011 20 1 0
Space group #29 : Pca21
weak g0101
2
00
g100
00 1
2
20011
000 0 0 0
000 0 1 1
000 1 0 1
000 1 1 0
010 0 0 0
010 0 1 1
010 1 0 1
010 1 1 0
Space group #30 : Pnc2
weak g010
00 1
2
g100
0 1
2
1
2
2001
000 0 0 0
000 0 1 1
000 1 0 1
000 1 1 0
100 0 0 0
100 0 1 1
100 1 0 1
100 1 1 0
Space group #31 : Pmn21
weak m100(2) g
010
1
2
0 1
2
20011
000 00 0 0
000 00 1 1
000 20 0 1
000 20 1 0
010 00 0 0
010 00 1 1
010 20 0 1
010 20 1 0
Space group #32 : Pba2
weak g0101
2
00
g100
0 1
2
0
2001
000 0 0 0
Continued on next column
TABLE VIII – continued
Invariants
000 0 1 1
000 1 0 1
000 1 1 0
001 0 0 0
001 0 1 1
001 1 0 1
001 1 1 0
Space group #33 : Pna21
weak g0101
2
00
g100
0 1
2
1
2
20011
000 0 0 0
000 0 1 1
000 1 0 1
000 1 1 0
Space group #34 : Pnn2
weak g0101
2
0 1
2
g100
0 1
2
1
2
2001
000 0 0 0
000 0 1 1
000 1 0 1
000 1 1 0
Space group #35 : Cmm2
weak m010(2) m
100
(2) g
010
1¯
2
00
g100
0 1
2
0
2001
000 0 0 0 0 0
000 0 2 0 1 1
000 2 0 1 0 1
000 2 2 1 1 0
001 0 0 0 0 0
001 0 2 0 1 1
001 2 0 1 0 1
001 2 2 1 1 0
110 0 0 1 1 0
110 0 2 1 0 1
110 2 0 0 1 1
110 2 2 0 0 0
111 0 0 1 1 0
111 0 2 1 0 1
111 2 0 0 1 1
111 2 2 0 0 0
Space group #36 : Cmc21
weak m100(2) g
010
00 1
2
g0101¯
2
0 1
2
g100
0 1
2
0
20011
000 0 0 0 0 0
000 0 1 1 0 1
000 2 0 0 1 1
000 2 1 1 1 0
110 0 0 1 1 0
110 0 1 0 1 1
110 2 0 1 0 1
110 2 1 0 0 0
Space group #37 : Ccc2
weak g010
00 1
2
g0101¯
2
0 1
2
g100
00 1
2
g100
0 1
2
1
2
2001
000 0 0 0 0 0
000 0 0 1 1 1
000 1 1 0 0 1
000 1 1 1 1 0
110 0 1 0 1 0
110 0 1 1 0 1
110 1 0 0 1 1
110 1 0 1 0 0
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TABLE VIII – continued
Invariants
Space group #38 : Amm2
weak m010(2) m
100
(2) g
010
00 1
2
2001 20011
000 0 00 0 0 0
000 0 02 0 1 1
000 0 20 0 1 1
000 0 22 0 0 0
000 2 00 1 1 1
000 2 02 1 0 0
000 2 20 1 0 0
000 2 22 1 1 1
011 0 00 1 0 1
011 0 02 1 1 0
011 0 20 1 1 0
011 0 22 1 0 1
011 2 00 0 1 0
011 2 02 0 0 1
011 2 20 0 0 1
011 2 22 0 1 0
100 0 11 0 1 1
100 0 11¯ 0 0 0
100 0 1¯1 0 0 0
100 0 1¯1¯ 0 1 1
100 2 11 1 0 0
100 2 11¯ 1 1 1
100 2 1¯1 1 1 1
100 2 1¯1¯ 1 0 0
111 0 11 1 1 0
111 0 11¯ 1 0 1
111 0 1¯1 1 0 1
111 0 1¯1¯ 1 1 0
111 2 11 0 0 1
111 2 11¯ 0 1 0
111 2 1¯1 0 1 0
111 2 1¯1¯ 0 0 1
Space group #39 : Aem2
weak m010(2) g
010
00 1
2
g100
00 1
2
2001 20011
000 0 0 0 0 0
000 0 0 1 1 1
000 2 1 0 1 1
000 2 1 1 0 0
011 0 1 0 1 0
011 0 1 1 0 1
011 2 0 0 0 1
011 2 0 1 1 0
100 0 0 0 0 0
100 0 0 1 1 1
100 2 1 0 1 1
100 2 1 1 0 0
111 0 1 0 1 0
111 0 1 1 0 1
111 2 0 0 0 1
111 2 0 1 1 0
Space group #40 : Ama2
weak m100(2) g
010
1
2
00
g0101
2
0 1
2
2001 20011
000 00 0 0 0 0
000 00 1 1 1 1
000 20 0 0 1 1
000 20 1 1 0 0
011 00 0 1 0 1
Continued on next column
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Invariants
011 00 1 0 1 0
011 20 0 1 1 0
011 20 1 0 0 1
Space group #41 : Aea2
weak g0101
2
00
g0101
2
0 1
2
g100
00 1
2
2001 20011
000 0 0 0 0 0
000 0 0 1 1 1
000 1 1 0 1 1
000 1 1 1 0 0
011 0 1 0 1 0
011 0 1 1 0 1
011 1 0 0 0 1
011 1 0 1 1 0
Space group #42 : Fmm2
weak m010(2) m
100
(2) g
010
1
2
00
g100
0 1
2
0
2001 20011
000 0 0 0 0 0 0
000 0 2 0 1 1 1
000 2 0 1 0 1 1
000 2 2 1 1 0 0
011 0 0 1 1 0 0
011 0 2 1 0 1 1
011 2 0 0 1 1 1
011 2 2 0 0 0 0
101 0 0 1 1 0 1
101 0 2 1 0 1 0
101 2 0 0 1 1 0
101 2 2 0 0 0 1
110 0 0 0 0 0 1
110 0 2 0 1 1 0
110 2 0 1 0 1 0
110 2 2 1 1 0 1
Space group #43 : Fdd2
weak g0101
4
0 1¯
4
g0101
4
0 1
4
g100
0 1
4
1
4
g100
0 1
4
1¯
4
2001 20011
000 0 0 0 0 0 0
000 0 0 1 1 1 1
000 1 1 0 0 1 1
000 1 1 1 1 0 0
Space group #44 : Imm2
weak m010(2) m
100
(2) g
010
1
2
0 1
2
g100
0 1
2
1
2
2001 20011
000 0 0 0 0 0 0
000 0 2 0 1 1 1
000 2 0 1 0 1 1
000 2 2 1 1 0 0
111 0 0 1 1 0 1
111 0 2 1 0 1 0
111 2 0 0 1 1 0
111 2 2 0 0 0 1
Space group #45 : Iba2
weak g010
00 1
2
g0101
2
00
g100
00 1
2
g100
0 1
2
0
2001 20011
000 0 0 0 0 0 0
000 0 0 1 1 1 1
000 1 1 0 0 1 1
000 1 1 1 1 0 0
111 0 1 0 1 0 1
111 0 1 1 0 1 0
111 1 0 0 1 1 0
111 1 0 1 0 0 1
Continued on next column
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Invariants
Space group #46 : Ima2
weak m100(2) g
010
00 1
2
g0101
2
00
g100
0 1
2
1
2
2001 20011
000 0 0 0 0 0 0
000 0 1 1 0 1 1
000 2 0 0 1 1 1
000 2 1 1 1 0 0
111 0 0 1 1 1 0
111 0 1 0 1 0 1
111 2 0 1 0 0 1
111 2 1 0 0 1 0
Space group #75 : P4
weak 2001 4001
000 0 0
000 0 1
001 0 0
001 0 1
110 0 0
110 0 1
111 0 0
111 0 1
Space group #76 : P41
weak 20011 4
001
1
000 0 0
000 0 1
110 0 0
110 0 1
Space group #77 : P42
weak 2001 40012
000 0 0
000 0 1
110 0 0
110 0 1
Space group #78 : P43
weak 20011 4
001
3
000 0 0
000 0 1
110 0 0
110 0 1
Space group #79 : I4
weak 2001 4001 20011 4
001
2
000 0 0 0 0
000 0 1 0 1
111 0 0 1 1
111 0 1 1 0
Space group #80 : I41
weak 2001 20011 4
001
1 4
001
3
000 0 0 0 0
000 0 0 1 1
111 1 0 0 1
111 1 0 1 0
Space group #81 : P 4¯
weak 2001 4¯001
000 0 0
000 0 1
001 0 0
001 0 1
110 0 0
Continued on next column
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Invariants
110 0 1
111 0 0
111 0 1
Space group #82 : I 4¯
weak 2001 20011 4¯
001
000 0 0 0
000 0 0 1
111 0 1 0
111 0 1 1
Space group #89 : P422
weak 2001 2100 2110 4001 21101
000 0 0 0 0 0
000 0 0 1 1 1
000 0 1 0 1 0
000 0 1 1 0 1
001 0 0 0 0 1
001 0 0 1 1 0
001 0 1 0 1 1
001 0 1 1 0 0
110 0 0 0 0 1
110 0 0 1 1 0
110 0 1 0 1 1
110 0 1 1 0 0
111 0 0 0 0 0
111 0 0 1 1 1
111 0 1 0 1 0
111 0 1 1 0 1
Space group #90 : P4212
weak 2001 2110 4001 21001 2
110
1
000 0 0 0 0 0
000 0 0 1 1 0
000 0 1 0 1 1
000 0 1 1 0 1
001 0 0 0 0 1
001 0 0 1 1 1
001 0 1 0 1 0
001 0 1 1 0 0
Space group #91 : P4122
weak 2100 2110 20011 2
110
1 4
001
1
000 0 0 0 0 0
000 0 1 0 1 1
000 1 0 0 0 1
000 1 1 0 1 0
110 0 0 0 1 0
110 0 1 0 0 1
110 1 0 0 1 1
110 1 1 0 0 0
Space group #92 : P41212
weak 2110 20011 2
100
1 2
110
1 4
001
1
000 0 0 0 0 0
000 0 0 1 0 1
000 1 0 0 1 1
000 1 0 1 1 0
Space group #93 : P4222
weak 2001 2100 2110 21101 4
001
2
000 0 0 0 0 0
000 0 0 1 1 1
000 0 1 0 0 1
Continued on next column
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Invariants
000 0 1 1 1 0
110 0 0 0 1 0
110 0 0 1 0 1
110 0 1 0 1 1
110 0 1 1 0 0
Space group #94 : P42212
weak 2001 2110 21001 2
110
1 4
001
2
000 0 0 0 0 0
000 0 0 1 0 1
000 0 1 0 1 1
000 0 1 1 1 0
Space group #95 : P4322
weak 2100 2110 20011 2
110
1 4
001
3
000 0 0 0 0 0
000 0 1 0 1 1
000 1 0 0 0 1
000 1 1 0 1 0
110 0 0 0 1 0
110 0 1 0 0 1
110 1 0 0 1 1
110 1 1 0 0 0
Space group #96 : P43212
weak 2110 20011 2
100
1 2
110
1 4
001
3
000 0 0 0 0 0
000 0 0 1 0 1
000 1 0 0 1 1
000 1 0 1 1 0
Space group #97 : I422
weak 2001 2100 2110 4001 20011 2
100
1 2
110
1 4
001
2
000 0 0 0 0 0 0 0 0
000 0 0 1 1 0 0 1 1
000 0 1 0 1 0 1 0 1
000 0 1 1 0 0 1 1 0
111 0 0 0 0 1 1 1 1
111 0 0 1 1 1 1 0 0
111 0 1 0 1 1 0 1 0
111 0 1 1 0 1 0 0 1
Space group #98 : I4122
weak 2001 2100 2110 20011 2
100
1 2
110
1 4
001
1 4
001
3
000 0 0 0 0 0 0 0 0
000 0 0 1 0 0 1 1 1
000 0 1 0 0 1 0 1 1
000 0 1 1 0 1 1 0 0
111 1 0 0 0 1 1 1 0
111 1 0 1 0 1 0 0 1
111 1 1 0 0 0 1 0 1
111 1 1 1 0 0 0 1 0
Space group #99 : P4mm
weak m100(2) m
110
(2) g
110
1¯
2
1
2
0
2001 4001
000 00 0 0 0 0
000 00 2 1 0 1
000 02 0 0 0 1
000 02 2 1 0 0
000 20 0 0 0 1
000 20 2 1 0 0
000 22 0 0 0 0
000 22 2 1 0 1
001 00 0 0 0 0
Continued on next column
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001 00 2 1 0 1
001 02 0 0 0 1
001 02 2 1 0 0
001 20 0 0 0 1
001 20 2 1 0 0
001 22 0 0 0 0
001 22 2 1 0 1
110 11 0 1 0 1
110 11 2 0 0 0
110 11¯ 0 1 0 0
110 11¯ 2 0 0 1
110 1¯1 0 1 0 0
110 1¯1 2 0 0 1
110 1¯1¯ 0 1 0 1
110 1¯1¯ 2 0 0 0
111 11 0 1 0 1
111 11 2 0 0 0
111 11¯ 0 1 0 0
111 11¯ 2 0 0 1
111 1¯1 0 1 0 0
111 1¯1 2 0 0 1
111 1¯1¯ 0 1 0 1
111 1¯1¯ 2 0 0 0
Space group #100 : P4bm
weak m110(2) g
100
0 1
2
0
g1101¯
2
1
2
0
2001 4001
000 0 0 0 0 0
000 0 1 0 0 1
000 2 0 1 0 1
000 2 1 1 0 0
001 0 0 0 0 0
001 0 1 0 0 1
001 2 0 1 0 1
001 2 1 1 0 0
Space group #101 : P42cm
weak m110(2) g
100
00 1
2
g1101¯
2
1
2
0
2001 40012
000 0 0 0 0 0
000 0 1 0 0 1
000 2 0 1 0 1
000 2 1 1 0 0
110 0 0 1 0 0
110 0 1 1 0 1
110 2 0 0 0 1
110 2 1 0 0 0
Space group #102 : P42cm
weak m110(2) g
100
0 1
2
1
2
g1101¯
2
1
2
0
2001 40012
000 0 0 0 0 0
000 0 1 0 0 1
000 2 0 1 0 1
000 2 1 1 0 0
Space group #103 : P4cc
weak g100
00 1
2
g110
00 1
2
g1101¯
2
1
2
1
2
2001 4001
000 0 0 0 0 0
000 0 1 1 0 1
000 1 0 0 0 1
000 1 1 1 0 0
110 0 0 1 0 0
110 0 1 0 0 1
110 1 0 1 0 1
Continued on next column
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110 1 1 0 0 0
Space group #104 : P4nc
weak g100
0 1
2
1
2
g110
00 1
2
g1101¯
2
1
2
1
2
2001 4001
000 0 0 0 0 0
000 0 1 1 0 1
000 1 0 0 0 1
000 1 1 1 0 0
Space group #105 : P42mc
weak m100(2) g
110
00 1
2
g1101¯
2
1
2
1
2
2001 40012
000 00 0 0 0 0
000 00 1 1 0 1
000 02 0 0 0 1
000 02 1 1 0 0
000 20 0 0 0 1
000 20 1 1 0 0
000 22 0 0 0 0
000 22 1 1 0 1
110 11 0 1 0 1
110 11 1 0 0 0
110 11¯ 0 1 0 0
110 11¯ 1 0 0 1
110 1¯1 0 1 0 0
110 1¯1 1 0 0 1
110 1¯1¯ 0 1 0 1
110 1¯1¯ 1 0 0 0
Space group #106 : P42bc
weak g100
0 1
2
0
g110
00 1
2
g1101¯
2
1
2
1
2
2001 40012
000 0 0 0 0 0
000 0 1 1 0 1
000 1 0 0 0 1
000 1 1 1 0 0
Space group #107 : I4mm
weak m100(2) m
110
(2) g
100
0 1
2
1
2
g110
00 1
2
2001 4001 20011 4
001
2
000 0 0 0 0 0 0 0 0
000 0 2 0 1 0 1 0 1
000 2 0 1 0 0 1 0 1
000 2 2 1 1 0 0 0 0
111 0 0 1 1 0 0 1 1
111 0 2 1 0 0 1 1 0
111 2 0 0 1 0 1 1 0
111 2 2 0 0 0 0 1 1
Space group #108 : I4cm
weak m110(2) g
100
00 1
2
g100
0 1
2
0
g110
00 1
2
2001 4001 20011 4
001
2
000 0 0 0 0 0 0 0 0
000 0 1 1 0 0 1 0 1
000 2 0 0 1 0 1 0 1
000 2 1 1 1 0 0 0 0
111 0 0 1 1 0 1 1 0
111 0 1 0 1 0 0 1 1
111 2 0 1 0 0 0 1 1
111 2 1 0 0 0 1 1 0
Space group #109 : I41md
weak m100(2) g
100
0 1
2
1
2
g1101
4
1¯
4
1
4
g1101¯
4
1
4
1
4
2001 20011 4
001
1 4
001
3
000 0 0 0 0 0 0 0 0
000 0 0 1 1 0 0 1 1
000 2 1 0 0 0 0 1 1
000 2 1 1 1 0 0 0 0
Continued on next column
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Space group #110 : I41cd
weak g100
00 1
2
g100
0 1
2
0
g1101
4
1¯
4
1
4
g1101¯
4
1
4
1
4
2001 20011 4
001
1 4
001
3
000 0 0 0 0 0 0 0 0
000 0 0 1 1 0 0 1 1
000 1 1 0 0 0 0 1 1
000 1 1 1 1 0 0 0 0
Space group #111 : P 4¯2m
weak m110(2) g
110
1¯
2
1
2
0
2001 2100 4¯001
000 0 0 0 0 0
000 0 0 0 1 1
000 2 1 0 0 1
000 2 1 0 1 0
001 0 0 0 0 0
001 0 0 0 1 1
001 2 1 0 0 1
001 2 1 0 1 0
110 0 1 0 0 0
110 0 1 0 1 1
110 2 0 0 0 1
110 2 0 0 1 0
111 0 1 0 0 0
111 0 1 0 1 1
111 2 0 0 0 1
111 2 0 0 1 0
Space group #112 : P 4¯2c
weak g110
00 1
2
g1101¯
2
1
2
1
2
2001 2100 4¯001
000 0 0 0 0 0
000 0 0 0 1 1
000 1 1 0 0 1
000 1 1 0 1 0
110 0 1 0 0 0
110 0 1 0 1 1
110 1 0 0 0 1
110 1 0 0 1 0
Space group #113 : P 4¯21m
weak m110(2) g
110
1¯
2
1
2
0
2001 21001 4¯
001
000 0 0 0 0 0
000 0 0 0 1 1
000 2 1 0 0 1
000 2 1 0 1 0
001 0 0 0 0 0
001 0 0 0 1 1
001 2 1 0 0 1
001 2 1 0 1 0
Space group #114 : P 4¯21c
weak g110
00 1
2
g1101¯
2
1
2
1
2
2001 21001 4¯
001
000 0 0 0 0 0
000 0 0 0 1 1
000 1 1 0 0 1
000 1 1 0 1 0
Space group #115 : P 4¯m2
weak m100(2) 2
001 2110 21101 4¯
001
000 00 0 0 0 0
000 00 0 1 1 1
000 02 0 0 0 1
000 02 0 1 1 0
000 20 0 0 0 1
Continued on next column
113
TABLE VIII – continued
Invariants
000 20 0 1 1 0
000 22 0 0 0 0
000 22 0 1 1 1
001 00 0 0 1 0
001 00 0 1 0 1
001 02 0 0 1 1
001 02 0 1 0 0
001 20 0 0 1 1
001 20 0 1 0 0
001 22 0 0 1 0
001 22 0 1 0 1
110 11 0 0 1 1
110 11 0 1 0 0
110 11¯ 0 0 1 0
110 11¯ 0 1 0 1
110 1¯1 0 0 1 0
110 1¯1 0 1 0 1
110 1¯1¯ 0 0 1 1
110 1¯1¯ 0 1 0 0
111 11 0 0 0 1
111 11 0 1 1 0
111 11¯ 0 0 0 0
111 11¯ 0 1 1 1
111 1¯1 0 0 0 0
111 1¯1 0 1 1 1
111 1¯1¯ 0 0 0 1
111 1¯1¯ 0 1 1 0
Space group #116 : P 4¯c2
weak g100
00 1
2
2001 2110 21101 4¯
001
000 0 0 0 0 0
000 0 0 1 1 1
000 1 0 0 0 1
000 1 0 1 1 0
110 0 0 0 1 0
110 0 0 1 0 1
110 1 0 0 1 1
110 1 0 1 0 0
Space group #117 : P 4¯b2
weak g100
0 1
2
0
2001 2110 21101 4¯
001
000 0 0 0 0 0
000 0 0 1 1 1
000 1 0 0 0 1
000 1 0 1 1 0
001 0 0 0 1 1
001 0 0 1 0 0
001 1 0 0 1 0
001 1 0 1 0 1
Space group #118 : P 4¯n2
weak g100
0 1
2
1
2
2001 2110 21101 4¯
001
000 0 0 0 0 0
000 0 0 1 1 1
000 1 0 0 0 1
000 1 0 1 1 0
Space group #119 : I 4¯m2
weak m100(2) g
100
0 1
2
1
2
2001 2110 20011 2
110
1 4¯
001
000 0 0 0 0 0 0 0
000 0 0 0 1 0 1 1
000 2 1 0 0 0 0 1
Continued on next column
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000 2 1 0 1 0 1 0
111 0 1 0 0 1 1 0
111 0 1 0 1 1 0 1
111 2 0 0 0 1 1 1
111 2 0 0 1 1 0 0
Space group #120 : I 4¯c2
weak g100
00 1
2
g100
0 1
2
0
2001 2110 20011 2
110
1 4¯
001
000 0 0 0 0 0 0 0
000 0 0 0 1 0 1 1
000 1 1 0 0 0 0 1
000 1 1 0 1 0 1 0
111 0 1 0 0 1 1 0
111 0 1 0 1 1 0 1
111 1 0 0 0 1 1 1
111 1 0 0 1 1 0 0
Space group #121 : I 4¯2m
weak m110(2) g
110
00 1
2
2001 2100 20011 2
100
1 4¯
001
000 0 0 0 0 0 0 0
000 0 0 0 1 0 1 1
000 2 1 0 0 0 0 1
000 2 1 0 1 0 1 0
111 0 1 0 0 1 1 0
111 0 1 0 1 1 0 1
111 2 0 0 0 1 1 1
111 2 0 0 1 1 0 0
Space group #122 : I 4¯2d
weak g1101
4
1¯
4
1
4
g1101¯
4
1
4
1
4
2001 2100 20011 2
100
1 4¯
001
000 0 0 0 0 0 0 0
000 0 0 0 1 0 1 1
000 1 1 0 0 0 0 1
000 1 1 0 1 0 1 0
Space group #143 : P3
weak
000
001
Space group #144 : P31
weak
000
001
Space group #145 : P32
weak
000
001
Space group #146 : R3
weak
000
111
Space group #149 : P312
weak 2120 21201
000 0 0
000 1 1
001 0 0
001 1 1
Space group #150 : P321
weak 2100 21001
000 0 0
Continued on next column
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000 1 1
001 0 0
001 1 1
Space group #151 : P3112
weak 2120 21201
000 0 0
000 1 1
001 0 0
001 1 1
Space group #152 : P3121
weak 2100 21001
000 0 0
000 1 1
001 0 0
001 1 1
Space group #153 : P3212
weak 2120 21201
000 0 0
000 1 1
001 0 0
001 1 1
Space group #154 : P3221
weak 2100 21001
000 0 0
000 1 1
001 0 1
001 1 0
Space group #155 : R32
weak 2100 21001
000 0 0
000 1 1
111 0 0
111 1 1
Space group #156 : P3m1
weak m2¯10(2) g
2¯10
1
2
10
000 0 0
000 2 1
001 0 0
001 2 1
Space group #157 : P31m
weak m010(2) g
010
1
2
00
000 0 0
000 2 1
001 0 0
001 2 1
Space group #158 : P3c1
weak g2¯10
00 1
2
g2¯101
2
1 1
2
000 0 0
000 1 1
Space group #159 : P31c
weak g010
00 1
2
g0101
2
0 1
2
000 0 0
000 1 1
Space group #160 : R3m
weak m2¯10(2) g
2¯10
1
6
1
3
1
3
Continued on next column
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000 0 0
000 2 1
111 0 1
111 2 0
Space group #161 : R3c
weak g2¯101¯
6
1¯
3
1
6
g2¯10
00 1
2
000 0 0
000 1 1
Space group #168 : P6
weak 2001 6001
000 0 0
000 1 1
001 0 0
001 1 1
Space group #169 : P61
weak 20011 6
001
1
000 0 0
000 1 1
Space group #170 : P65
weak 20011 6
001
5
000 0 0
000 1 1
Space group #171 : P62
weak 2001 60012
000 0 0
000 1 1
001 0 1
001 1 0
Space group #172 : P64
weak 2001 60014
000 0 0
000 1 1
001 0 0
001 1 1
Space group #173 : P63
weak 20011 6
001
3
000 0 0
000 1 1
Space group #177 : P622
weak 2001 2010 211¯0 6001 20101 2
11¯0
1
000 0 0 0 0 0 0
000 0 1 1 0 1 1
000 1 0 1 1 0 1
000 1 1 0 1 1 0
001 0 0 0 0 1 1
001 0 1 1 0 0 0
001 1 0 1 1 1 0
001 1 1 0 1 0 1
Space group #178 : P6122
weak 2010 211¯0 20011 2
010
1 2
11¯0
1 6
001
1
000 0 0 0 0 0 0
000 0 1 1 0 1 1
000 1 0 1 1 0 1
000 1 1 0 1 1 0
Space group #179 : P6522
weak 2010 211¯0 20011 2
010
1 2
11¯0
1 6
001
5
Continued on next column
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000 0 0 0 0 0 0
000 0 1 1 0 1 1
000 1 0 1 1 0 1
000 1 1 0 1 1 0
Space group #180 : P6222
weak 2001 2010 211¯0 20101 2
11¯0
1 6
001
2
000 0 0 0 0 0 0
000 0 1 1 1 1 0
000 1 0 1 0 1 1
000 1 1 0 1 0 1
001 0 0 1 1 0 1
001 0 1 0 0 1 1
001 1 0 0 1 1 0
001 1 1 1 0 0 0
Space group #181 : P6422
weak 2001 2010 211¯0 20101 2
11¯0
1 6
001
4
000 0 0 0 0 0 0
000 0 1 1 1 1 0
000 1 0 1 0 1 1
000 1 1 0 1 0 1
001 0 0 1 1 0 0
001 0 1 0 0 1 0
001 1 0 0 1 1 1
001 1 1 1 0 0 1
Space group #182 : P6322
weak 2010 211¯0 20011 2
010
1 2
11¯0
1 6
001
3
000 0 0 0 0 0 0
000 0 1 1 0 1 1
000 1 0 1 1 0 1
000 1 1 0 1 1 0
Space group #183 : P6mm
weak m1¯20(2) m
11¯0
(2) g
1¯20
1 1
2
0
g11¯01
2
1
2
0
2001 6001
000 0 0 0 0 0 0
000 0 2 0 1 1 1
000 2 0 1 0 1 1
000 2 2 1 1 0 0
001 0 0 0 0 0 0
001 0 2 0 1 1 1
001 2 0 1 0 1 1
001 2 2 1 1 0 0
Space group #184 : P6cc
weak g1¯20
00 1
2
g1¯20
1 1
2
1
2
g11¯0
00 1
2
g11¯01
2
1
2
1
2
2001 6001
000 0 0 0 0 0 0
000 0 0 1 1 1 1
000 1 1 0 0 1 1
000 1 1 1 1 0 0
Space group #185 : P63cm
weak m11¯0(2) g
1¯20
00 1
2
g1¯20
1 1
2
1
2
g11¯01
2
1
2
0
20011 6
001
3
000 0 0 0 0 0 0
000 0 1 1 0 1 1
000 2 0 0 1 1 1
000 2 1 1 1 0 0
Space group #186 : P63mc
weak m1¯20(2) g
1¯20
1 1
2
0
g11¯0
00 1
2
g11¯01
2
1
2
1
2
20011 6
001
3
000 0 0 0 0 0 0
000 0 0 1 1 1 1
Continued on next column
TABLE VIII – continued
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000 2 1 0 0 1 1
000 2 1 1 1 0 0
Space group #195 : P23
weak 2001
000 0
111 0
Space group #196 : F23
weak 2001 20011
Space group #197 : I23
weak 2001 20011
000 0 0
111 0 1
Space group #198 : P213
weak 20011
Space group #199 : I213
weak 2001 20011
000 0 0
111 1 0
Space group #207 : P432
weak 2001 2011 4001 20111
000 0 0 0 0
000 0 1 1 1
111 0 0 0 1
111 0 1 1 0
Space group #208 : P4232
weak 2001 2011 20111 4
001
2
000 0 0 0 0
000 0 1 1 1
Space group #209 : F432
weak 2001 2011 4001 20011 2
011
1 4
001
2
000 0 0 0 0 0 0
000 0 1 1 0 1 1
Space group #210 : F4132
weak 2001 2011 20011 2
011
1 4
001
1 4
001
3
000 0 0 0 0 0 0
000 0 1 0 1 1 1
Space group #211 : I432
weak 2001 2011 4001 20011 2
011
1 4
001
2
000 0 0 0 0 0 0
000 0 1 1 0 1 1
111 0 0 0 1 1 1
111 0 1 1 1 0 0
Space group #212 : P4332
weak 2011 20011 2
011
1 4
001
3
000 0 0 0 0
000 1 0 1 1
Space group #213 : P4132
weak 2011 20011 2
011
1 4
001
1
000 0 0 0 0
000 1 0 1 1
Space group #214 : I4132
weak 2001 2011 20011 2
011
1 4
001
1 4
001
3
000 0 0 0 0 0 0
000 0 1 0 1 1 1
111 1 0 0 1 0 1
111 1 1 0 0 1 0
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Space group #215 : P 4¯3m
weak m011(2) g
011
0 1¯
2
1
2
2001 4¯001
000 0 0 0 0
000 2 1 0 1
111 0 1 0 0
111 2 0 0 1
Space group #216 : F 4¯3m
weak m011(2) g
011
1
2
1¯
4
1
4
2001 20011 4¯
001
000 0 0 0 0 0
000 2 1 0 0 1
Space group #217 : I 4¯3m
weak m011(2) g
011
1
2
00
2001 20011 4¯
001
000 0 0 0 0 0
000 2 1 0 0 1
111 0 1 0 1 0
111 2 0 0 1 1
Space group #218 : P 4¯3n
weak g0111
2
00
g0111
2
1¯
2
1
2
2001 4¯001
000 0 0 0 0
000 1 1 0 1
Space group #219 : F 4¯3c
weak g0111
2
00
g011
0 1¯
4
1
4
2001 20011 4¯
001
000 0 0 0 0 0
000 1 1 0 0 1
Space group #220 : I 4¯3d
weak g0111
4
1
4
1¯
4
g0111
4
1¯
4
1
4
2001 20011 4¯
001
000 0 0 0 0 0
000 1 1 0 0 1
